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PREFACE 

TO  THE 

» 

FIRST  EDITION. 

IN  writing  the  HiJIory  and  Prefent  State  of  Electricity ,  I  flatter 
myfelf  that  I  fhall  give  pleafure,  as  well  to  perfons  who 
have  a  tafte  for  Natural  Philofophy  in  general,  as  to  eledri- 
cians  in  particular;  and  I  hope  the  work  will  be  of  fome  advan- 
tage  to  the  fcience  itfelf.  Both  thefe  ends  would  certainly  be 
anfwered  in  a  confiderable  degree,  were  the  execution  at  all  an« 
fwerable  to  the  defign. 

The  Hiftory  of  Eledricity  is  a  field  full  of  pleafing  objed«, 
according  to  all  the  genuine  and  univerfal  principles  of  tafte, 
deduced  from  a  knowledge  of  human  nature.  Scenes  like  thefe, 
in  which  we  fee  a  gradual  rife  and  progrefs  in  things,  always 
exhibit  a  pleafing  fpedacle  to  the  human  mind.  Nature,  in  all 
her  delightful  walks,  abounds  with  fuch  views,  and  they  are  in 
a  more  efpecial  manner  conneded  with  every  thing  that  re¬ 
lates  to  human  life  and  happinefs ;  things,  in  their  own  na¬ 
ture,  the  mo  ft  interefting  to  us.  Hence  it  is,  that  the  power 
of  aflociation  has  annexed  crouds  of  pleafing  fenfations  to  the 
contemplation  of  every  objed,  in  which  this  property  is  apparent. 

This  pleafure,  likewife,  bears  a  confiderable  refemblance  to 
that  of  the  fublime,  which  is  one  of  the  moft  exquifite  of  all 
thofe  that  aified  the  human  imagination.  For  an  objed  in  which 
we  fee  a  perpetual  progrefs  and  improvement  is,  as  it  were, 
continually  riling  in  its  magnitude;  and  moreover,  when  we 
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fee  an  adual  increafe,  in  a  long  period  of  time  paft,  we  can¬ 
not  help  forming  an  idea  of  an  unlimited  increafe  in  futurity ; 
which  is  a  piofped  really  boundlefs,  and  fublime. 

The  pleafures  arifing  from  views  exhibited  in  civil,  natiu^al, 
and  philofophical  hiftory,  are,  in  certain  refpeds,  different  from 
one  another.  Each  has  its  advantages,  and  each  its  defeats:  and 
both  their  advantages  and  defeds  contribute  to  adapt  them 
to  different  claffes  of  readers. 

Civil  hiftory  prefents  us  with  views  of  the  ftrongeft  paflions 
and  fentiments  of  the  human  mind,  into  which  every  man  can 
eafily  and  perfectly  enter,  and  with  fuch  incidents,  refpeding 
happinefs  and  mifery,  as  we  cannot  help  feeling,  would  alarm 
and  affed  us  in  a  very  fenfible  manner ;  and  therefore,  we  are 
at  prefent  alarmed  and  affeded  by  them  to  a  confiderable  degree. 
Hence  the  pleafure  we  receive  from  civil  hiftory  arifes,  chiefly 
fiom  the  exercife  it  affords  our  paflions.  The  imagination  is 
only  entertained  with  fcenes  which  occafionally  ftart  up,  like 
interludes,  or  epifodes,  in  the  great  drama,  to  which  we  are 
principally  attentive.  We  are  prefented,  indeed,  with  the  pro- 
fped  of  gradual  improvement  during  the  rife  of  great  empires ; 
but,  as  we  read  on,  we  are  obliged  to  contemplate  the  difagree- 
able  reverfe..  And  the  hiftory  of  moft  ftates  prefents  nothing  but 
a  tedious  uniformity,  without  any  ftriking  events,  to  diverfify 
and  embellifh  the  profped.  Befides,  if  a  man  have  any  fenti- 
ment  of  virtue  and  benevolence,  he  cannot  help  being  fhocked 
with  a  view  of  the  vices  and  miferies  of  mankind  ;  which, 
though  they  be  not  all,  are  certainly  the  moft  glaring  and  ftrik¬ 
ing  objeds  in  the  hiftory  of  human  affairs.  An  attention,  in¬ 
deed,  to  the  condud  of  divine  Providence,  which  is  ever  bring- 
ing  good  out  of  evil,  and  gradually  conduding  things  to  a  more 
perfed  and  glorious  ftate,  tends  to  throw  a  more  agreeable 
light  on  the  more  gloomy  parts  of  hiftory;  but  it  requires 
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great  ftrength  of  mind  to  comprehend  thofe  views ;  and,  after  all, 
the  feelings  of  the  heart  too  often  overpower  the  conclufions  of 
the  head. 

Natural  hiftory  exhibits  a  boundlefs  variety  of  fcenes,  and 
yet  infinitely  analogous  to  one  another.  A  naturalift  has, 
confequently,  all  the  pleafure  which  the  contemplation  of  uni¬ 
formity  and  variety  can  give  the  mind ;  and  this  is  one  of  the 
mofi  copious  fources  of  our  intellectual  pleafures.  He  is  likewife 
entertained  with  a  profpeCt  -of  gradual  improvement,  while  he 
fees  every  objeCt  in  nature  rifing  by  due  degrees  to  its  maturity 
and  perfection.  And  while  new  plants,  new  animals,  and  new 
foftils  are  perpetually  pouring  in  upon  him,  the  moll  pleafing 
views  of  the  unbounded  power,  wifdom,  and  goodnefs  of  God 
are  conftantly  prefent  to  his  mind.  But  he  has  no  direCt  view 
of  human  fentiments  and  human  aCtions ;  which,  by  means  of 
their  endlefs  aflociations,  greatly  heighten  and  improve  all  the 
pleafures  of  tafle. 

The  hiftory  of  philofophy  enjoys,  in  fome  meafure,  the  ad¬ 
vantages  both  of  civil  and  natural  hiftory,  whereby  it  is  reliev¬ 
ed  from  what  is  molt  tedious  and  difgufting  in  both.  Philofo¬ 
phy  exhibits  the  powers  of  nature,  difcovered  and  directed  by  hu¬ 
man  art.  It  has,  therefore,  in  fome  meafure,  the  boundlefs  va¬ 
riety  with  the  amazing  uniformity  of  the  one,  and  likewife 
every  thing  that  is  pleafing  and  interefting  in  the  other.  And 
the  idea  of  continual  rife  and  improvement  is  confpicuous  in  the 
whole  'ftudy,  whether  we  be  attentive  to  the  part  which  nature,  or 
that  which  men  are  aCting  in  the  great  fcene. 

It  is  here  that  we  fee  tlie  human  underftanding  to  its  greateft 
advantage,  grafping  at  the  nobleft  objeCts,  and  increafing  its  own 
powers,  by  acquiring  to  itfelf  the  powers  of  nature,  and  direct¬ 
ing  them  to  the  accomplifliment  of  its  own  views;  whereby 
the  fecurity,  and  happinefs  of  mankind  are  daily  improved. 

a  2  Human 
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Human  abilities  are  chiefly  confpicuous  in  adapting  means  to 
ends,  and  in  deducing  one  thing  from  another  by  the  method  of 
analogy  ;  and  where  fhall  we  find  inftances  of  greater  faga- 
city,  than  in  philofophers  diverfifying  the  fituations  of  things, 
in  order  to  give  them  an  opportunity  of  fhowing  their  mu¬ 
tual  relations,  affedions,  and  influences;  deducing  one  truth 

and  one  difeovery  from  another,  and  applying  them  all  to  the 
ufeful  purpofes  of  human  life. 

If  the  exertion  of  human  abilities,  which  cannot  but  form  a> 
delightful  fpedtacle  for  the  human  imagination,  give  us  pleafure, 
we  enjoy  it  here  in  a  higher  degree  than  while  we  are  contem¬ 
plating  the  fch ernes  of  warriors,  and  the  ftratagems  of  their 
bloody  ait.  Belides,  tne  objedt  of  philofophical  purfuits  throws 
a  pleafiog  idea  upon  the  feenes  they  exhibit;  whereas  a  re- 
fledion  upon  the  real  objedls  and  views  of  moll  flatefmen  and 
conquerors  cannot  but  take  from  the  pleafure,  which  the  idea 
of  their  fagacity,  forefight,  and  comprehenfion  would  other- 
wife  give  to  the  virtuous  and  benevolent  mind.  Lafily,  the 
inveftigation  of  the  powers  of  nature,  like  the  fludy  of  Na¬ 
tural  Hiftory,  is  perpetually  fuggefiing  to  us  views  of  the  di¬ 
vine  perfections  and:  .providence,  which  are  both  pleafing  to  the- 
imagination,  and  improving  to  the  heart. 

.  Eux  thouSh  other  kinda  of  hiftory  may,  in  feme  refpetfs, 
vie  With  that  of  philofophy,  nothing  that  comes  under  the  deno¬ 
mination  of  hiftory  can  exhibit  inftances  of  fo  fine  a  rife  and 
improvement  in  things,  as  we  fee  in  the  progrefs  of  the  human 
mind,  in  philofophical  inveftigations.  To  whatever  height  we, 
have  arrived  in  natural  fcience,  our  beginnings  were  very  low, 
an  our  advances  have  been  exceedingly  gradual.  And  to  loot 
down  from  the  eminence,  and  to  fee,  and  compare  all  thofe- 
gradual .  advances  m  the  afeent,  cannot  but  give  the  greateft 
pleafure  to  thofe  who  are  feated  on  the  eminence,  and  who  feel 
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all  the  advantages  of  their  elevated  fituation.  And  confidering 
that  we  ourselves  are,  by  no  means,  at  the  top  of  human 
fcience;  that  the  mountain  ftill  afcends  beyond  our  fight,  and 
that  we  are,  in  fa£t,  not  much  above  the  foot  of  it,  a  view  of 
the  manner  in  which  the  afcent  has  been  made,  cannot  but  ani¬ 
mate  us  in  our  attempts  to  advance  ftill  higher,  and  fugged;  me¬ 
thods  and  expedients  to  aflift  us  in  our  farther  progrefs. 

Great  conquerors,  we  read,  have  been  both  animated,  and 
alfo,  in  a  great  meafure,  formed  by  reading  the  exploits  of  for¬ 
mer  conquerors.  Why  may  not  the  fame  effeCt  be  expected 
from  the  hiftory  of  philofophy  to  philofophers  ?  May  not  even 
more  be  expected  in  this  cafe  ?  The  wars  of  many  of  thofe 
conquerors,  who  received  this  advantage  from  hiftory,  had  no. 
proper  conne&ion  with  former  wars  :  they  were  only  analogous 
to  them.  Whereas  the  whole  bufinefs  of  philofophy,  diverft- 
fied  as  it  is,  is  but  one  ;  it  being  one  and  the  fame  great  fcheme, 
that  all  philofophers,  of  all  ages  and  nations,  have  been  con¬ 
ducting,  from  the  beginning  of  the  world ;  fo  that  the  work  being 
the  fame,  the  labours  of  one  are  not  only  analogous  to  thofe  of 
of  another,  but  in  an  immediate  manner  fubfervient  to  them;, 
and  one  philofopher  fiicceeds  another  in  the  fame  field ;  as  one 
Roman  proconful  fucceeded  another  in  carrying  on  the  fame 
war,  and  purfuing  the  fame  conquefts,  in  the  fame  country.  In 
this  cafe,  an  intimate  knowledge  of  what  has  been  done  before 
us  cannot  but  greatly  facilitate  our  future  progrefs,  if  it  be  not 
abfolutely  neceftary  to  it. 

These  hiftories  are  evidently  much  more  neceftary  in  an  ad¬ 
vanced  ftate  of  fcience,  than  in  the  infancy  of  it.  At  prefent 
philofophical  difcoveries  are  fo  many,  and  the  accounts  of  them 
arc  fo  difperfed,  that  it  is  not  in  the  power  of  any  man  to  come 
at  the  knowledge  of  all  that  has  been  done,  as  a  foundation  for 
bis  own  inquiries.  And  this  circumftance  appears  to  me  to  have . 
very  much  retarded  the  progrefs  of  difcoveries. 
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Not  that  I  think  philofopliical  difcoveries  are  now  at  a  (land. 
On  the  other  hand,  as  quick  advances  feem  to  have  been  made 
of  late  years,  as  in  any  equal  period  of  time  paft  whatever. 
Nay,  it  appears  to  me,  that  the  progrefs  is  really  accelerated. 
But  the  increafe  of  knowledge  is  like  the  increafe  of  a  city. 
The  building  of  fome  of  the  firft  ftreets  makes  a  great  figure, 
is  much  talked  of,  and  known  to  every  body  ;  whereas  the  ad¬ 
dition  of,  perhaps,  twice  as  much  building,  after  it  has  been 
fwelled  to  a  confiderable  fize,  is  not  fo  much  as  taken  notice  of, 
and  may  be  really  unknown  to  many  of  the  inhabitants.  If 
the  additions  which  have  been  made  to  the  buildings  of  the 
city  of  London,  in  any  fingle  year  of  late,  had  been  made  two  or 
three  centuries  ago,  it  could  not  have  efcaped  the  obfervation  of 
hiftorians ;  whereas,  now,  they  are  fo  fcattered,  and  the  propor¬ 
tion  they  bear  to  the  whole  city  is  fo  fmall,  that  they  are  hard¬ 
ly  noticed.  For  the  fame  reafon,  the  improvements  that  boys 
make  at  fchool,  or  that  young  gentlemen  make  at  an  academy, 
or  the  univerfity,  are  more  taken  notice  of  than  all  the  know¬ 
ledge  they  acquire  afterwards,  though  they  continue  their  ftudies 
with  the  fame  afiiduity  and  fuccefs. 

The  hifiory  of  experimental  philofophy,  in  the  manner  in 
which  it  ought  to  be  written,  to  be  of  much  ufe,  would  be  an 
immenfe  work;  but  it  were  much  to  be  wifiied,  that  perfons 
who  have  leifure,  and  fufficient  abilities,  would  undertake  it  in 
feparate  parts.  I  have  executed  it,  in  the  beft  manner  I  have 
been  able,  for  that  branch  which  has  been  my  own  favourite 
amufement ;  and  I  fhall  think  myfelf  happy,  if  the  attempt  ex¬ 
cite  other  perfons  to  do  the  like  for  theirs. 

I  cannot  help  thinking  myfelf  to  have  been  peculiarly  for¬ 
tunate,  in  undertaking  the  hifiory  of  ele&ricity,  at  the  moft  pro¬ 
per  time  for  writing  it,  when  the  materials  were  neither  too  few, 
nor  too  many  to  make  a  hifiory;  and  when  they  were  fo 
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fcattered,  as  to  make  the  undertaking  highly  defirable,  and  the 
work  peculiarly  ufeful  to  Englifhmen. 

I  likewise  think  myfelf  exceedingly  happy  in  my  fubjeft  it- 
felf.  Few  branches  of  Natural  Philofophy  would,  I  think,  make 
fo  good  a  fubjedt  for  a  hiftory.  Few  can  boaft  fuch  a  number 
of  difcoveries,  difpofed  in  fo  fine  a  feries,  all  comprifed  in  fo 
fhort  a  fpace  of  time,  and  all  fo  recent,  the  principal  actors  in 
the  fcene  being  ftill  living. 

With  feveral  of  thefe  principal  a&ors  it  has  been  my  fin-- 
gular  honour  and  happinefs  to  be  acquainted  ;  and  it  was  their 
approbation  of  my  plan,  and  their  generous  encouragement  that 
induced  me  to  undertake  the  work.  With  gratitude  I  acknow¬ 
ledge  my  obligations  to  Dr.  Watfon,  Dr.  Franklin,  and  Mr.  Can¬ 
ton,  for  the  books,  and  other  materials  with  which  they  have 
fupplied  me,  and  for  the  readinefs  with  which  they  have  given 
me  any  information  in  their  power  to  procure.  In  a  more' 
efpecial  manner  am  I  obliged  to  Mr.  Canton,  for  thofe  original 
communications  of  his,  which  will  be  found  in  this  work,  and 
which  cannot  fail  to  give  a  value  to  it,  in  the  efteem  of  all  the 
lovers  of  ele&ricity.  My  grateful  acknowledgements  are  alfo  due 
to  the  Rev.  Dr.  Price,  F.  R.  S.  and  to  the  Rev.  Mr.  Holt,  our 
profeffor  of  Natural  Philofophy  at  Warrington,  for  the  atten-- 
tion  they  have  given  to  the  work,  and  for  the  many  important  fer- 
vicesthey  have  rendered  me  with  relped  to  it. 

To  the  gentlemen  above  mentioned  the  public  is,  likewife, 
indebted  for  whatever  they  may  think  of  value  in  the  original 
experiments  which  I  have  related  of  my  own.  It  was  from  con- 
verfing  with  them  that  I  was  firft  led  to  entertain  the  thought 
of  attempting  any  thing  new  in  this  way,  and  it  was  their  ex¬ 
ample,  and  favourable  attention  to  my  experiments,  that  ani¬ 
mated  me  in  the  purfuit  of  them.  In  fhort,  without  them,  neither- 
my  experiments,  nor  this  work  would  have.had  any  exigence. 
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The  hiftorical  part  of  this  work,  the  reader,  I  hope  will  find 
to  be  full  and  circumftantial,  and  at  the  fame  fuccinCt.  Every 
new  fa£t,  or  important  circum fiance,  I  have  noted  as  it  arofe  ; 
but  I  have  abridged  all  long  details,  and  have  carefully  avoid¬ 
ed  all  digreiTions  and  repetitions.  For  this  purpofe,  I  have  per- 
ufed  every  original  author,  to  which  I  could  have  recourfe ; 
and  every  quotation  in  the  margin  points  to  the  authority  that 
I  myfelf  confulted,  and  from  which  the  account  in  the  text  was 
a&ually  taken.  Where  I  could  not  procure  the  original  au¬ 
thors,  I  was  obliged  to  quote  them  at  fecond  hand,  but  the  re¬ 
ference  will  always  Ihow  where  that  has  been  done.  That  I 
might  not  mifreprefent  any  writer,  I  have  generally  given  the 
reader  his  own  words,  or  the  plained:  tranflation  I  could  make  of 
them  ;  and  this  I  have  done,  not  only  in  dire<ft  quotations,  but 
where,  by  a  change  of  perfon,  I  have  made  the  language  my 
own. 

I  made  it  a  rule  to  myfelf,  and  I  think  I  have  conftantly  ad¬ 
hered  to  it,  to  take  no  notice  of  the  miftakes,  mifapprehenfions, 
and  altercations  of  electricians  ;  except  fo  far  as,  I  apprehended, 
a  knowledge  of  them  might  be  ufeful  to  their  fucceffors.  All 
the  difputes  which  have  no  way  contributed  to  the  difcovery  of 
truth,  I  would  gladly  confign  to  eternal  oblivion.  Did  it  depend 
upon  me,  it  fhould  never  be  known  to  pofterity,  that  there  had 
ever  been  any  fuch  thing  as  envy,  jealoufy,  or  cavilling  among 
the  admirers  of  my  favourite  ftudy.  I  have,  as  far  as  my 
bell  judgment  could  direct  me,  been  juft  to  the  merits  of  all  per- 
fons  concerned.  If  any  have  made  unjuft  claims,  by  arrogat¬ 
ing  to  themfelves  the  difcoveries  of  others,  I  have  filently  reftor- 
ed  ..them  to  the  right  owner,  and  generally  without  fo  much  as 
giving  a  hint  that  any  injuftice  had  ever  been  committed.  If 
I  have,  in  any  cafe,  given  a  hint,  I  hope  it  will  be  thought, 
by  the  offending  parties  themfelves,  to  be  a  very  gentle 
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one ;  and  that  it  will  be  a  memento ,  which  will  not  be  without  its 
♦  ufe. 

I  think  I  have  kept  clear  of"  any  mean  partiality  to  wains 
my  own  countrymen,  and  even  my  own  acquaintance.  If  Englifli 
authors  are  oftener  quoted  than  foreign,  it  is  becaufe  they  wcie 
more  eafily  procured ;  and  I  have  found  a  difficulty  I  could  not 
have  expeded,  in  procuring  foreign  publications  upon  this  fubjecl. 

I  find  it  impoffible  to  write  a  preface  to  this  work,  without 
difcovering  a  little  of  the  enthufiafm  which  I  have  contraded 
from  an  attention  to  it,  by  expreffing  my  wifhes,  that  more  per* 
Tons,  of  a  ftudious  and  retired  life,  would  admit  this  part  of  ex¬ 
perimental  philofophy  into  their  fludies.  They  would  find  it 
agreeably  to  diverfify  a  courfe  of  ftudy,  by  mixing  fomething 
of  adion  with  fpeculation,  and  giving  fome  employment  to  the 
hands  and  arms,  as  well  as  to  the  head.  Eledrical  experiments 
are,  of  all  others,  the  cleaned,  and  the  molt  elegant,  that  the 
compafs  of  philofophy  exhibits.  They  are  performed  with  the 
lead  trouble,  there  is  an  amazing  variety  in  them,  they  furnifh 
the  moil  pleafing  and  furprifing  appearances  foi  the  enteitain- 
ment  of  one’s  friends,  and  the  expence  of  indruments  may  well 
be  fupplied,  by  a  proportionable  dedudion  from  the  purchafe 
of  books,  which  are  generally  •  read  and  laid  abide,  without 

yielding  half  the  entertainment. 

The  infir udion  we  are  able  to  get  from  books  is,  com¬ 
paratively,  foon  exhaufled  ;  but  philofophical  indruments  are  an 
endlefs  fund  of  knowledge.  By  philofophical  inflruments,  how¬ 
ever,  I  do  not  here  mean  the  globes,  the  orrery,  and  others, 
which  are  only  the  means  which  ingenious  men  have  hit  upon,  to 
explain  their  own  conceptions  of  things  to  others ;  and  which, 
therefore,  like  books,  have  no  ufes  more  extenfiye  than  the 
views  of  human  ingenuity  ;  but  fuch  as  the  air-pump,  condens¬ 
ing  engine,  pyrometer,  &c.  (with  which  eledrical  machines  are 


X 


THE  PREFACE. 


to  be  ranked)  and  which  exhibit  the  operations  of  nature,  that 
is  of  the  God  of  nature  himfelf,  which  are  infinitely  various* 
By  the  help  of  thefe  machines,  we  are  able  to  put  an  endlefs 
variety  of  things  into  an  endlefs  variety  of  fituations,  while 
nature  herfelf  is  the  agent  that  {hows  the  refult.  Hereby  the 
raws  of  her  adion  are  obferved,  and  the  moft  important  difcove- 
ries  may  be  made ;  fuch  as  thofe  who  firft  contrived  the  inftru-. 
ment  could  have  no  idea  of. 

In  eledricity,  in  particular,  there  is  the  greateft  room  to* 
make  new  difcoveries.  It  is  a  field  but  juft  opened,  and  requires 
no  great  ftock  of  particular  preparatory  knowledge  :  fo  that  any, 
perfon  who  is  tolerably  well  verfed  in  experimental  philofophyj 
may  prefently  be  upon  a  level  with  the  moft  experienced  electri-. 
cians.  Nay,  this  hiftory  {hows,  that  feveral  raw  adventurers  have, 
made  themfelves  as  confiderable,  as  feme  who  have  been,  in* 
other  refpeds,  the  greateft  philofophers.  I  need  not  tell  my: 
reader  of  how  great  weight  this  con fi deration  is,  to  induce  him  < 
to  provide  himfelf  with  an  eledrical  apparatus.  The  pleafure  arif-. 
ing  from  the  moft  trifling  difcoveries  of  one's  own,  far  exceeds 
what  we  receive  from  underftanding  the  much  more  important 
difcoveries  of  others ;  and  a  mere  reader  has  no  chance  of  find¬ 
ing  new  truths,  in  comparifon  of  him  who  now  and  then  , 
amufes  himfelf  with  philofophical  experiments. 

Human  happinefs  depends  chiefly  upon  having  fome  objed 
to  purfue,  and  upon  the  vigour  with  which  our  faculties  are. 
exerted  in  the  purfuit.  And,  certainly,  we  muft  be  much  more, 
interefted  in  purfuits  wholly  our  own,  than  when  we  are  mere¬ 
ly  following  the  track  of  others.  Befides,  this  pleafure  has  rein¬ 
forcements  from  a  variety  of  fources,  which  I  fhall  not  here  un¬ 
dertake  to  trace;  but  which  contribute  to  heighten  the  fenfation, 
far  beyond  any  thing  elfe  of  this  kind  that  can  be  experienced, 
by  a  perfon  of  a  fpeculative  turn  of  mind,. 

It' 


It  is  a  great  recommendation  of  the  fludy  of  eledricity,  that  it 
now  appears  to  be,  by  no  means,  a  fmali  objed.  The  eledric 
fluid  is  no  local,  or  occafional  agent  in  the  theatre  of  the  world. 
Late  difcoveries  fhow  that  its  prefence  and  effeds  are  every 
where,  and  that  it  ads  a  principal  part  in  the  grandeft  and 
moll;  interefting  fcenes  of  nature.  It  is  not,  like  magnetifm,  con¬ 
fined  to  one  kind  of  bodies,  but  every  thing  we  know  is  a  con¬ 
ductor  or  non-condudor  of  eledricity.  Thefe  are  properties  as 
effential  and  important  as  any  they  are  pofTeffed  of,  and  can 
hardly  fail  to  fhow  themfelves  wherever  the  bodies  are  concerned. 

Hitherto  philofophy  has  been  chiefly  converfant  about  the 
more  fenfible  properties  of  bodies  ;  eledricity,  together  with  chy- 
miftry,  and  the  dodrine  of  light  and  colours,  feems  to  be  giving 
us  an  inlet  into  their  internal  ftrudure,  on  which  all  their 
fenfible  properties  depend.  By  purfuing  this  new  light,  there¬ 
fore,  the  bounds  of  natural  fcience  may  poflibly  be  extended, 
beyond  what  we  can  now  form  an  idea  of.  New  worlds  may 
open  to  our  view,  and  the  glory  of  the  great  Sir  Ifaac  Newton 
himfelf,  and  all  his  contemporaries,  be  eclipfed,  by  a  new  fet  of 
philofophers,  in  quite  a  new  field  of  fpeculation.  Could  that 
great  man  revifit  the  earth,  and  view  the  experiments  of  the 
prefent  race  of  eledricians,  be  would  be  no  lefs  amazed  than 
Roger  Bacon,  or  Sir  Francis,  would  have  been  at  his.  The  eledric 
{hock  itfelf,  if  it  be  confidered  attentively,  will  appear  almofl 
as  furpriflng  as  any  difcovery  that  he  made  ;  and  the  man  who 
could  have  made  that  difcovery,  by  any  reafoning  a  priori ,  would 
have  been  reckoned  a  mofl  extraordinary  genius  :  but  eledrical 
difcoveries  have  been  made  fo  much  by  accident,  that  it  is  more 
the  powers  of  nature,  than  of  human  genius,  that  excite  our  won¬ 
der  with  refped  to  them.  But  if  the  Ample  eledric  fhock  would 
have  appeared  fo  extraordinary  to  Sir  Ifaac  Newton,  what  would 
he  have  faid  upon  feeing  the  effeds  of  a  modern  eledrical  battery, 
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and  an  apparatus  for  drawing  lightning  from  the  clouds  !  What 
inexpreftible  pleafure  would  it  give  a  modern  electrician,  were 
the  thing  poftible,  to  entertain  fuch  a  man  as  Sir  Ifaac  for  a  few 
hours  with  his  principal  experiments  ! 

To  return  from  this  excurfion  to  the  bufmefs  of  a  preface: 
bcfides  relating  the  hiftory  of  electrical  difcoveries,  in  the  order  in 
which  they  were  made,  I  thought  it  neceftary,  in  order  to  make 
the  work  more  ufeful,  efpecially  to  young  electricians,  to  fubjoin 
a  methodical  treatife  on  the  fubjeCt,  containing  the  fubftance  of  the 
hiftory- in  another  form,  with  obfervations  and  inftruCtions  of  my 
own.  The  particular  ufes  of  thefe  parts  of  the  work  are  expreff- 
ed  at  large  in  the  introductions  to  them.  And,  in  the  laft  place, 
I  have  given  an  account  of  fuch  original  experiments  as  I  have 
been  fo  fortunate  as  to  hit  upon  myfelf. 

I  i  n  ti  tl  e  the  work  the  Hiftory  and  Prefent  State  of  Elecirichy ; 
and  whether  there  be  any  more  additions  of  the  whole  work  or  not, 
care  will  be  taken  to  preferve  the  propriety  of  the  title,  by  occa- 
fionally  printing  additions,  in  the  fame  frze,  as  new  difcoveries 
are  made ;  which  will  always  be  fold  at  a  reafonable  price  to  the 
purchafers  of  the  book ;  or  given  gratis ,  if  the  bulk  be  incon- 
fiderable. 

Considering  what  refpeCtable  perfons  have  already  honoured 
this  work  with  their  valuable  communications,  I  hope  it  will  not 
be  deemed  arrogance  in  me,  if  I  here  advertife,  that  if  any  perfon 
ihall  make  difcoveries  in  eleCtricity  which  he  would  chufe  to  fee 
recorded  in  this  hiftory,  he  will  oblige  me  by  a  communication 
of  them;  and  if  they  be  really  original,  a  proper  place  fhall  cer¬ 
tainly  be  affigned  to  them  in  the  next  edition,  or  paper  of  addi¬ 
tions.  And  I  hope  that,  if  electricians  in  general  would  fall 
into  this  method,  and  make  either  a  periodical,  or  occafional, 
but  joint  communication  of  their  difcoveries  to  the  public,  the 
greateft  advantage  would  thence  accrue  to  the  fcience. 
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The  bufinefsof  philofophy  is  fo  multiplied,  that  all  the  books 
of  general  philofophical  tranfa&ions  cannot  be  purchafed  by 
many  perfons,  or  read  by  any  perfon.  It  is  high  time  to  fub - 
divide  the  bufinefs,  that  every  man  may  have  an  opportunity  of 
feeing  every  thing  that  relates  to  his  own  favourite  purfuit;  and 
all  the  various  branches'  of  philofophy  would  find  their  account 

in  this  amicable  reparation.  Thus  the  numerous  branches  of  a 

« 

large  overgrown  family,  in  the  patriarchal  ages,  found  it  neceffary 
to  feparate  ;  and  the  convenience  of  the  whole,  and  the  ffrength, 
and  increafe  of  each  branch  were  promoted  by  the  reparation. 
Let  the  youngeft  daughter  of  the  fcience  fet  the  example  to  the 
reft,  and  fliow  that  fhe  thinks  herfelf  confiderable  enough  to  make 
her  appearance  in  the  world  without  the  company  of  her  fillers. 

But  before  this  general  reparation,  let  each  collect  together 
every  thing  that  belongs  to  her,  and  march  off  with  her  whole 
flock.  To  drop  the  allufion :  let  hiftories  be  written  of  all  that 
has  been  done  in  every  particular  branch  of  fcience,  and  let  the 
whole  be  feen  at  one  view.  And  when  once  the  entire  progrefs, 
and  prefent  ftate  of  every  fcience  fhall  be  fully  and  fairly  exhibit¬ 
ed,  I  doubt  not  but  we  fhall  fee  a  new  and  capital  ^commence 
in  the  hiftory  of  all  the  fciences.  Such  an  eafy,  full,  and  com¬ 
prehend  ve  view  of  what  has  been  done  hitherto  could  not  fail  to 
give  new  life  to  philofophical  inquiries.  It  would  fuggeft  an  in¬ 
finity  of  new  experiments,  and  would  undoubtedly  greatly  acce¬ 
lerate  the  progrefs  of  knowledge;  which  is  at  prefent  retarded, 
as  it  were,  by  its  own  weight,  and  the  mutal  entanglement  of  its 
feveral  parts. 

I  will  juft  throw  out  a  farther  hint,  of  what,  I  think,  might 
be  favourable  to  the  increafe  of  philofophical  knowledge.  At  pre¬ 
fent  there  are,  in  different  countries  in  Europe,  large  incorporate 
focieties,  with  funds  for  promoting  philofophical  knowledge  in 
general.  Let  philofophers  now  begin  to  fubdivide  themfelves,  and 
enter  into  fmaller  combinations.  Let  the  feveral  companies  make 
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fmall  funds,  and  appoint  a  director  of  experiments.  Let  every 
member  have  a  right  to  appoint  the  trial  of  experiments  in  fome 
proportion  to  the  fum  he  fubfcribes,'  and  let  a  periodical  account  be 
publifhed  of  the  refult  of  them  all,  fuccefsful  or  unfuccefsful.  In 
this  manner,  the  powers  of  all  the  members  would  be  united  and 
increafed.  Nothing  would  be  left  untried,  which  could  be  com¬ 
pared  at  a  moderate  expence,  and  it  bein g  o?ie  performs  bujtnefs  to 
attend  to  thefe  experiments,  they  would  be  made,  and  reported 
without  lofs  of  time.  Moreover,  as  all  incorporations  in  thefe 
fmaller  focieties  Ihould  be  avoided,  they  would  be  encouraged 
only  in  proportion  as  they  were  found  to  be  ufeful;  and  fuccefs  in 
fmaller  things  would  excite  them  to  attempt  greater. 

I  by  no  means  difapprove  of  large,  general,  and  incorporated 
focieties.  They  have  their  peculiar  ufes  too;  but  we  fee  by  ex¬ 
perience,  that  they  are  apt  to  grow  too  large,  and  their  forms  are 
too  flow  for  the  difpatch  of  the  minutia  of  bufmefs,  in  theprefent 
multifarious  ftate  of  philofophy.  Let  recourfe  be  had  to  rich  in¬ 
corporated  focieties,  to  defray  the  expence  of  experiments,  to 
which  the  funds  of  fmaller  focieties  fhall  be  unequal.  Let  their 
tranfaclions  contain  a  fummary  of  the  more  important  difeoveries, 
collected  from  the  fmaller  periodical  publications.  Let  them,  by 
rewards,  and  other  methods,  encourage  thofe  who  diftinguifh. 
themfelves  in  the  inferior  focieties;  and  thus  give  a  general  atten¬ 
tion  to  the  whole  bufmefs  of  philofophy. 

I  wish  all  the  incorporated  philofophical  focieties  in  Europe 
would  join  their  funds  (and  I  wifh  they  were  fufHcient  for  the  pur- 
pofe)  to  fit  out  fhips  for  the  complete  difeovery  of  the  face  of  the 
earth,  and  tor  many  capital  experiments  which  can  only  be  made 
in  fuch  extenfive  voyages. 

Princes  will  never  do  this  great  bufinefs  to  any  purpofe.  The 
fpirit  of  adventure  feems  to  be  totally  extindt  in  the  prefent  race 
of  merchants.  This  difeovery  is  a  grand  defidera.tum  in  fcience  ; 
and  where  may  this  pure  and  noble  enthufiafm  for  fuch  difeoveries 
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be  expected  blit  among  phiiofophers,  men  uninfluenced  by  mo¬ 
tives  either  of  policy  or  gain  ?  Let  us  think  ourfelves  happy  if 
princes  give  no  obftrudtion  to  fuch  defigns.  Let  them  fight  for 
the  countries  when  they  are  difcovered,  and  let  merchants  fcramble 
for  the  advantage  that  may  be  made  of  them.  It  will  be  an  acquifi- 
tion  to  phiiofophers  if  the  feat  of  war  be  removed  fo  far  from  the 
feat  of  fcience ;  and  frefh  room  will  be  given  to  the  exertion  of 
'genius  in  trade,  when  the  old  beaten  track  is  deferted,  when 
the  old  fyftem  of  traffic  is  unhinged,  and  when  new  and  more 
extenfive  plans  of  commerce  take  place.  I  congratulate  the  pre- 
fent  race  of  phiiofophers  on  what  is  doing  by  the  Englifh  court 
in  this  way  *  ;  for  with  whatever  view  expeditions  into  the  South 
Seas  are  made,  they  cannot  but  be  favourable  to  philofophy. 

Natural  Philosophy  is  a  fcience  which  more  efpecially  re¬ 
quires  the  aid  of  wealth.  Many  others  require  nothing  but  what  a 
man’s  own  reflection  may  furnifh  him  with.  They  who  cultivate 
them  find  within  themfelves  every  thing  they  want.  But  ex¬ 
perimental  philofophy  is  not  fo  independent.  Nature  will  not  be 
put  out  of  her  way,  and  fuffer  her  materials  to  be  thrown  into  all 
that  variety  of  fituations  which  philofophy  requires,  in  order  to 
difcover  her  wonderful  powers,  without  trouble  and  expence. 
Hence  the  patronage  of  the  great  is  eflential  to  the  flourifhing 
Hate  of  this  fcience.  Others  may  project  great  improvements,  but, 
they  only  have  the  power  of  carrying  them  into  execution. 

Besides,  they  are  the  higher  clafles  of  men  which  are  moft  in- 
terefted  in  the  extenfion  of  all  kinds  of  natural  knowledge;  as  they 
are  moft  able  to  avail  themfelves  of  any  difcoveries,  which  lead 
to  the  felicity  and  embellifhment  of  human  life.  Almoft  all  the  ele¬ 
gancies  of  life  are  the  produce  of  thofe  polite  arts*  which  could 
have  had  no  exiftence  without  natural  fcience,  and  which  receive 
daily  improvements  from  the  fame  fource.  From  the  great  and 
the  opulent,  therefore,  thefe  fciences  have  a  natural  claim,  for  pro-. 


*  Written  in  the  year  176 6. 


teCtion ; 


XVI 


THE  PREFACE. 

te&ion ;  and  it  is  evidently  their  intereft  not  to  Suffer  promifing 
inquiries  to  be  fufpended  for  want  of  the  means  of  profecuting 
them. 

But  other  motives,  befides  this  felfifli  one,  may  reafonably  be 
fuppofed  to  attach  perfons  in  the  higher  ranks  of  life  to  the 
fciences  ;  motives  more  exalted,  and  flowing  from  the  moll  ex¬ 
tensive  benevolence.  From  Natural  Philofophy  have  flowed  all 
thofe  great  inventions,  by  means  of  which  mankind  in  general  are 
able  to  fubfift  with  more  eafe,  and  in  greater  numbers  upon  the 
face  of  the  earth.  Hence  arife  the  capital  advantages  of  men 
above  bi  utcs,  and  of  civilization  above  barbarity.  And  by  thele 
fciences  alfo  it  is,  that  the  views  of  the  human  mind  itfelf  are  en¬ 
larged,  and  our  common  nature  improved  and  ennobled.  It  is  for 
the  honour  of  the  fpecies,  therefore,  that  thefe  fciences  Should  be 
cultivated  with  the  utmoft  attention. 

And  of  whom  may  thefe  enlarged  views,  comprehenfive  of 
filch  gieat  objects,  be  expeCied,  but  of  thole  whom  divine  provi¬ 
dence  has  raifed  above  the  reft  of  mankind.  Being  free  from  moft 
or  the  cares  peculiar  to  individuals,  they  may  embrace  theinterefts 
of  tne  whole  Ip^cies,  feel  for  the  wants  of  mankind,  and  be  con¬ 
cerned  to  Support  the  dignity  of  human  nature. 

Gladly  would  I  indulge  the  hope,  that  we  Shall  foon  fee  thefe 
motives  operating  in  a  more  extenfive  manner  than  they  have 
hitherto  done;  that  by  the  illuftrious  example  of  a  few,  a  tafte  for 
natural  Science  will  be  excited  in  many,  in  whom  it  will  operate 
the  moft  effectually  to  the  advantage  of  Science  and  of  the  world ; 
and  that  all  kinds  of  philofophical  inquiries  will,  henceforward, 
be  conducted  with  more  Spirit,  and  with  more  fuccefs,  than  ever. 

Vv  ere  I  to  purfue  this  SubjeCt,  it  would  carry  me  far  beyond  the 
reafonahle  bounds  of  a  preface.  I  Shall  therefore  conclude  with 
mentioning  that  Sentiment,  which  ought  to  be  uppermoft  in  the 
mind  of  every  philofopher,  whatever  be  the  immediate  objeCt  of 
his  purfuit;  that  Speculation  is  only  of  ufe  as  it  leads  to  practice, 
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that  the  immediate  ufe  of  natural  fcience  is  the  power  it  gives 
us  over  nature,  by  means  of  the  knowledge  we  acquire  cf  its 
laws ;  whereby  human  life  is,  in  its  prefent  ftate,  made  more 
comfortable  and  happy  ;  but  that  the  greatefl,  and  nobleft  ufe  of 
philofophical  fpeculation  is  the  difcipline  of  the  heart,  and  the 
opportunity  it  affords  of  inculcating  benevolent  anc  pious  senti¬ 
ments  upon  the  mind. 

A  philosopher  ought  to  be  fomething  greater,  and  better 
than  another  man.  The  contemplation  of  the  works  of  God  fhould 
give  a  fublimity  to  his  virtue,  fhould  expand  his  benevolence,  ex- 
tinguifh  every  thing  mean,  bafe,  and  felfifh  in  bis  natuie,  give  a 
dignity  to  all  his  fentiments,  and  teach  him  to  afpire  to  the  moral 
perfections  of  the  great  author  of  all  things.  What  great  and 
exalted  beings  would  philofophers  be,  would  they  but  let  the 
objeCts  about  which  they  are  converfant  have  their  proper  moral 
effect  upon  their  minds  !  A  life  fpent  in  the  contemplation  of  the 
productions  of  divine  power,  wifdom,  and  goodnefs,  would  be  a 
life  of  devotion.  The  more  we  fee  of  the  wonderful  ftruCture  of 
the  world,  and  of  the  laws  of  nature,  the  more  clearly  do  we 
comprehend  their  admirable  ufes,to  make  all  the  percipient  creation 
happy:  a  fentiment,  which  cannot  but  fill  •  the  heart  with  un¬ 
bounded  love,  gratitude,  and  joy. 

Even  every  thing  painful  and  difagreeable  in  the  world  appeals 
to  a  philofopher,  upon  a  more  attentive  examination,  to  be  excel¬ 
lently  provided,  as  a  remedy  of  fome  greater  inconvenience,  or  a 
neceffary  means  of  a  much  greater  happinefs ;  fo  that,  from  this 
elevated  point  of  view,  he  fees  all  temporary  evils  and  inconve¬ 
niences  to  vanifh,  in  the  glorious  profpeCt  of  the  gi  eater  good  to 
which  they  are  fubfervient.  Hence  he  is  able  to  veneiate  and  re¬ 
joice  in  God,  not  only  in  the  bright  funfhine,  but  alfo  in  the 
darkeft  fhades  of  nature,  whereas  vulgar  minds  are  apt  to  be 

difconcerted  with  the  appearance  of  evil. 

Nor  is  the  cultivation  of  piety  ufeful  to  us  only  as  men,  it  is  even 

ufeful  to  us  as  philofophers :  and  as  true  philofophy  tends  to  pro¬ 
s'  mote 
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mote  fo  a  generous  and  manly  piety  is  reciprocally,  fubfer- 

vient  to  the  purpofes  of  philofophy ;  arid  this  both  in  a  direcft  and  in- 
dired  manner.  While  we  keep  in  view  the  great  filial  caufe  of  all 
the  parts  and  the  laws  of  nature,  we  have  fome  clue,  by  which  to 
trace  the  efficient  caufe.  This  is  mod  of  all  obvious  in  that  part  of 
philofophy  which  refpeds  the  animal  creation'/  As  the  great  and 
excellent  Dr.  Hartley  obferves.  “  Since  this  world  is  a  fyftem  of 
benevolence,  and  confequently  its  author  the  objed  of  unbound- 
“  ed  love  and  adoration,  benevolence  and  piety 'are  our  only  true 
guides  in  our  inquiries  into  it;  the  only  keys  which  will  unlock 
“  the  myileries  of  nature,  and  clues  which  lead  through  her  laby- 
“  rinths.  Of  this  all  branches  of  natural  hiffory,  and  natural  phi— 
“  lofophy  afford  abundant  inffanceg.  In  all  thefe  inquiries,  let  the 
u  inquirer  take  it  for  granted'  previoufiy,  that  every  thing  is  right, 
“  and  the  beft  that  can  be  ceteris  manentibus  ;  that  is,  let  him,  with 
a  pious  confidence,  feek  for  benevolent  purpofes,  and  he  will  be 
always  direded  to  the  right  road  ;  and  after  a  due  continuance 
“  in  it,  attain  to  fome  new  and  valuable  truth :  whereas  every  other 
principle  and  motive  of  examination,  being  foreign  to  the  great 
“  plan  on  which  the  univerfe  is  conffruded,  rnuft  lead  into  endlefs* 
“  mazes,  errors,  and  perplexities 

With  refped  to  the  indired  ufe  of  piety,  it  muff  be  obferved, 
that  the  tranquility,  ahdchearfulnefs  of  mind,  which  refults  from 
devotion  forms  an  excellent  temper  for  conduding  philofophicaf 
inquiries ;  tending  to  make  them  both  more  pleafant,  and  more  fuc- 
cefsful.  The  fentiments  of  religion  and  piety  tend  to  cure  the  mind 
of  envy,  jealoufy,  conceit,  and  every  other  mean  paffion,  which 
both  difgraec  the  lovers  of  icience,  and  retard  the  progrefs  of  it,  by 
laying  an  undue  bias  upon  the  mind,  and  diverting  it  from  the 
calm  purfuit  of  truth. 

Lastly,  let  it  be  remembered,  that  a  tafte  for  fcience,  pleafing, 
and  even  honourable  as  it  is,  is  not  one  of  the  higheft  paffions  of 
our  nature,  that  the  plealures  it  furnifhes  are  even  but  one  degree 

*  Hartley’s  Obfervations  cn  Man,  Vol.  ii.  p.  24;, 
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above  thofe  of  fenfe,  and  therefore  that  temperance  is  requifte  in 
all  fcientifical  purfuits.  Befides  the  duties  of  every  man’s  proper  fta- 
tion  in  life,  which  ought  ever  to  be  held  facred  and  inviolate,  the 
calls  of  piety, common  friendfhip,  and  many  other  avocations  ought 
generally  to  be  heard  before  that  of  fludy.  It  is,  therefore,  only  a 
fmall  fhare  of  their  leifure,  that  mod  men  can  be  juflified  in  giving 
to  the  purfuit  of  fcience;  though  this  fhare  is  more  or  lefs,  in 
proportion  to  a  man’s  fituation  in  life,  his  natural  abilities,  and 
the  opportunity  he  has  for  conducing  his  inquiries. 

I  shall  conclude  with  another  palfage  from  Dr.  Hartley  to  this 
purpofe.  “  Though  the  purfuit  of  truth  be  an  entertainment  and 
<l  employment  fuitable  to  our  rational  natures,  and  a  duty  to  him  who 
tl  is  the  fountain  of  all  knowledge  and  truth,  yet  we  muft  make  fre- 
“  quent  intervals  and  interruptions;  elfe  the  fludy  of  fcience,  with- 
“  out  a  view  to  God  and  our  duty,  and  from  a  vain  defire  of  ap- 
“  plaufe,  will  get  pofTeffion  of  our  hearts,  engrofs  them  wholly, 
“  and  by  taking  deeper  root  than  the  purfuit  of  vain  amufements, 
“  become,  in  the. end,  a  much  more  dangerous,  and  obflinate  evil 
“  than  that.  Nothing  can  eafily  exceed  the  vain-glory,  felf-con- 
“  ceit,  arrogance,  emulation,  and  envy,  that  are  found  in  the  emi- 
“  nentprofelfors  of  the  fciences,  Mathematics,  Natural  Philosophy, 
“  and  even  Divinity  itfelf.  Temperance  in  thefe  ftudies  is,  there- 
“  fore,  evidently  required,  both  in  order  to  check  the  rife  of  fuch  ill 
“  paffions,  and  to  give  room  for  the  cultivation  of  other  effential 
“  parts  of  our  natures.  It  is  with  thefe  pleafures  as  with  the  fen- 
“  fible  ones ;  our  appetites  mud  not  be  made  the  meafure  of  our 
46  indulgence,  but  we  ought  to  refer  all  to  a  higher  rule. 

“  But  when  the  purfuit  of  truth  is  directed  by  this  higher  rule, 
“  and  entered  upon  with  a  view  to  the  glory  of  God,  and  the  good 
<c  of  mankind,  there  is  no  employment  more  worthy  of  our.  na- 
“  tures,  or  more  conducive  to  their  purification  and  perfection  V* 

#  Hartley’s  Obfervations  on  Man,  Vol.  ii.  p.  255,  &c. 

Warrington, 

March,  1767. 
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H  E  method  I  took  to  diftinguifh  the  books  I  had  feen 


from  thofe  I  had  not  feen,  in  the  catalogue  of  elearic  au¬ 


thors,  fubjoined  to  the  firft  edition  of  this  work,  has  been  at¬ 
tended  with  the  advantage  I  promifed  myfelf  from  it ;  feveral 
perfons,  who  were  in  pofleffion  of  the  books  I  had  not  feen,  hav¬ 
ing  communicated  them  to  me ;  and  I  have  carefully  perufed 
them,  and  digefted  their  contents  into  this  fecond  edition.  Far 
the  greater  part  of  thefe  new  authors,  the  reader  will  perceive  by 
the  catalogue,  were  German,  and  wrote  in  High  Dutch,  a  lan¬ 
guage  with  which,  I  believe,  the  literati  of  this  country  are  but 
little  acquainted,  which  might  be  the  reafon  why  neither  myfelf 
nor  my  friends  had  ever  heard  of  them  before.  Though  the  new 
materials  they  have  fupplied  cannot  be  faid  to  be  of  the  firft  im¬ 
portance,  many  of  the  articles  are  very  curious,  and  I  hope  the 
reader,  as  well  as  myfelf,  will  think  that  they  have  well  repaid 
me  for  my  trouble  in  learning  the  language. 

It  is  certainly  much  to  be  regretted,  that  philofophers  have  not: 
one  common  language  ;  but  neither  the  theory  of  language  in  ge¬ 
neral,  nor  the  nature  and  analogies  of  things  to  be  exprefled  by  it 
are  yet  fufficiently  understood,  to  enable  us.  to  contrive  a  new  and 
philofophical  one,  which  might  be  eafily  learnt,  and  would  be 
completely  adequate  to  all  the  purpofes  of  fcience  3  and  Latin  is. 
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a  language  which  perfons  of  a  philofophical  turn  of  mind  have 
feldom  leifure  to  make  themfelves  fo  much  mailers  of,  as  to  write 
in  it  with  that  elegance  which  the  tafte  of  the  age  requires.  Be- 
fide*,  books  written  in  Latin  are  but  little  read,  at  leaft  in  Eng¬ 
land  j  and  therefore  could  have  no  fale  with  us.  Thefe  circum- 
ftances  make  it  the  more  neceflary,  that  there  fhould  be,  in  every 
country,  perfons  poffefied  of  a  competent  knowledge  of  foreign 
languages,  who  fhould  be  attentive  to  the  progrefs  of  fcience  a- 
broad,  and  communicate  to  their  countrymen  all  ufeful  difcove- 
ries  as  they  are  made. 

Besides  the  improvements  in  the  hiflory,  and  other  parts  of 
this  work,  the  reader,  will  find,  in  this  edition,  an  addition  of 
three  intire  fe&ions  of  original  experiments.  All  that  are  of  the 
leaft  confequence  are  printed,  and  fold  feparately,  for  the  benefit 
of  thofe  who  purchafed  the  firft  edition. 

Z<esDs,  Jan.  1769. 
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^  |  ^  O  the  fecond  edition  of  this  work  I  made  confiderable 

JL  additions,  by  an  account  of  fuch  difcoveries  as  had  been 
made  in  the  interval  between  that  and  thefirfl:  edition;  and  thefe 
additions  I  publifhed  feparately  for  the  ufe  of  thofe  who  had 
purchafed  the  firft  edition.  But  in  this  edition  I  have  inferted 
no  account  of  any  thing  that  was  done  after  the  publication  of 
the  fecond,  becaufe  I  referve  an  account  of  them  for  a  Con¬ 
tinuation  of  the  Hiflory ,  which,  if  God  fpare  my  life,  I  propofe 
to  write  fome  years  hence,  when  I  hope  there  will  be  a  greater 
flock  of  materials  for  it. 

I  have,  however,  confiderably  improved  this  edition,  by  a 
fuller  account  of  difcoveries  made  by  feveral  foreigners,  in  con- 
fequence  of  becoming  pofTefTedof  the  original  publications,  where¬ 
as  before  I  was  obliged  to  content  myfelf  with  quoting  them  at 
fecond  hand.  The  reader  will  therefore  find  a  much  larger  ac¬ 
count  of  what  was  done  by  the  Academicians  del  Cimento,  by 
Mr.  Du  Fay,  and  fome  others.  The  alterations  of  the  references, 
or  the  additions  to  them,  will  generally  fhow  where  I  have  done 
this  *. 

•  In  the  account  of  the  experiments  of  Mr.  Monnier,  thinking  proper  to  change  the 
place  of  one  of  the  articles,  I  neglefled  to  cancel  the  former  account,  which  the  reader 
will  pleafe  to  overlook,  or  expunge,  from  p.  116.  T  he  fuller  account,  from  the  origi¬ 
nal,  is  at  p.  124.  I  mention  this  chiefly,  that  if  any  foreigner  fhould  tranflate  from  this 
edition,  he  may  be  admonilhed  to  omit  the  former  paragraph. 
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To  the  account  I  have  given  of  the  reception  of  Dr.  Frank¬ 
lin’s  fyftem  in  France,  I  would  add  what  I  have  fince  been  in¬ 
formed  of,  viz.  that  Mr.  Le  Roi,  fecretary  to  the  Royal  Aca¬ 
demy  of  Sciences,  who  has  diftinguifhed  himfelf  by  his  atten¬ 
tion  to  various  branches  of  philofophy,  was  the  frfc  who 
adopted  this  theory  in  that  country,  and  became  an  open  and 
ftrenuous  advocate  for  it.  He  alfo  demonftrated  the  principles 
of  it  by  original  experiments  an  account  of  which  is  contained 
in  two  valuable  Memoirs  publifhed  among  thofe  of  the  Royal 
Academy.  In  the  former  of  thefe  he  proves,  that  there  is  an 
invariable  diftindion  between  the  appearance  of  eledric  light  at 
the  points  of  metalic  bodies  as  conneSted  with ,  or  prefented  to  the 
prime  condudor,  or  infulated  rubber  ;  fo  that  what  is  called  the 
'pencil,  is  uniformly  the  appearance  when  the  pointed  wire  is  elec¬ 
trified  pofitively,  and  the Jlar  when  it  is  negative.  See  Ac.  Par. 
1753.  In  another  memoir  for  the  year  1755,  he  fhews,  by 
thing  a  globe  of  fulphur,  that  the  refinous  eledricity  of  Mr. 
Du  Fay  is  the  very  fame  thing  with  the  negative  power  of  Dr. 
Franklin.  Though  the  fame  things  had  been  demonftrated  by 
others,  and  elpecially  Father  Beccaria ;  thefe  philofophers  made 
the  difcovery  independent  of  each  other,  and  therefore  have 
equal  merit. 

Without  entering  into  particulars,  I  fhall  take  the  liberty 
to  acquaint  the  reader,  that,  in  the  fixtieth  volume  of  the  Phi- 
lofophical  Tranfadions,  there  are  two  papers  of  mine  on  elec¬ 
trical  fubjeds,  one  on  what  I  have  called  the  lateral  explofon,  and 
the  other  on  the  conducing  power  of  charcoal. 

In  the  former  I  fhew  that,  in  certain  circumftances,  an  elec¬ 
tric  fpark  detaches  itfelf  from  the  circuit  of  an  explofion  to 
bodies  placed  near  it,  and  returns  to  it  again  at  the  fame  inftant. 
Through  the  air  I  have  made  this  fpark  three-fourths  of  an  inch, 
in  length,  and  in  vacuo  more  than  twelve  inches. 

In, 
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I  m  die  other  paper  I  fhow,  among  other  properties  of  char¬ 
coal,  that  its  concluding  power  depends  entirely  on  the  degree  of 
heat  with  which  it  is  made.  Some  pieces  do  not  conduCt  electri¬ 
city  at  all,  others  as  perfectly  as  filver  or  gold,  and  pieces  of 
the  former  quality  are  always  conver  tible  into  thofe  of  the  lat¬ 
ter,  by  the  application  of  more  heat. 

Also,  in  my  obfervations  on  different  kinds  of  air ,  the  reader 
will  find,  that  I  have  demonftrated  that  the  eleCtric  matter  is,  or 
contains  phlogifton  ;  by  fhewing  that  it  affeCts  all  kinds  of  air 
as  phlogifton  does ;  particularly  diminifhing  common  air  one 
fourth,  and  making  it  noxious,  fo  as  to  make  no  effervefcence 
with  nitrous  air. 

It  may  not  be  amifs  to  inform  the  reader,  that  the  firft  tranf- 
lation  of  this  work  was  into  French,  by  a  perfon  who  feems  to 
have  done  it  with  no  other  view  than  to  have  an  opportunity  of 
expreffing  his  diflike  of  Dr.  Franklin’s  fyftem,  and  of  myfelf  as 
the  abettor  of  it,  and  of  defending  that  of  Mr.  Nollet.  In  the 
notes ,  which  all  other  tranflators  cenfure  as  in  the  higheffc  degree 
illiberal,  he  reprefents  me  as  being,  beyond  all  bounds,  partial 
to  my  own  countrymen,  and  particularly  unjuft  to  the  French; 
a  charge  from  which  I  thought  myfelf  intirely  exempt.  I  con- 
fefs,  however,  that,  inadvertently,  I  did  give  fome  handle  to  this 
cenfure  in  one  paiTage,  which  I  have  therefore  corrected  in  this 
edition.  I  have  the  pleafure  to  be  informed  that  a  new  tranfla- 
tion  of  this  work,  from  this  laft  edition,  is  undertaken  by  the  ex¬ 
cellent  tranflator  of  Dr.  Franklin’s  Philofophical  writings,  lately 
publifhed.  This  gentleman  will,  I  doubt  not,  do  ample  juftice 
both  to  myfelf  and  to  the  fubjeCt. 


Calne,  March,  1775. 
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PARTI. 

The  History  of  Electricity. 

period  x. 

Experiments  and  discoveries  in  electricity  prior 

to  those  of  Mr.  Hauksbee. 

■  *  O V  r  -  f  .  f  I  **.  •  - 

T  fl  ^  H  E  hiftory  of  philofophy  contains  nothing  earlier  than 
the  obfervation,  that  yellow  amber,  when  rubbed, 
JL.  has  the  power  of  attracting  light  bodies.  Thales  of 
Miletus,  the  father  of  the  Ionic  philofophy,  who  flourifhed 
about  fix  hundred  years  before  Chrift,  was  fo  much  ftruck  with 
this  property  of  amber,  that  he  imagined  it  was  animated.  But 
the  firft  writer,  who  exprefsly  mentions  this  fubftance,  is  Theo- 
phraftus,  who  flourifhed  about  the  year  300  before  Chrift.  He 
fays,  in  his  book  concerning  precious  ftones,  feCt.  53,  that 
amber  (which  he  fuppofes  to  be  a  native  foflil)  has  the  fame 
property  of  attracting  light  bodies  with  the  lyncurium ;  which, 
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he  obferves,  attracts  not  only  draws*  and  fmall  pieces  of  flicks,, 
but  even  thin  pieces  of  copper  and  iron..  What  he  fays  farther 
of  the  lyncurium  will  be  related  under  the  article  of  the  tourmalin , 
which  Dr.  Watfon  has,  in  a  manner,  proved  to  be  the  fame 


fubflance. 

From  titeKrgov*  the  Greek  name  for  amber,  is  derived  the  term 
Electricity,  which  is  now  extended  to  figniiy  not  only  the 
power  of  attracting  light  bodies  inherent  in  amber,  but  other 
powers  connected  with  it,  in  whatever  bodies  they  are  fuppofed 
to  refide,  or  to  whatever  bodies  they  may  be  communicated. 

The  attractive  nature  of  amber  is  occafionally  mentioned  by 
Pliny,  and  other  later  naturalifts  ;  particularly  by  Gaflendus, 
Kenelm  Digby,  and  Sir  Thomas  Brown  ;  but  excepting  the  elec¬ 
tricity  of  the  fubflance  called  jet*,  the  difcovery  of  which  was  very 
late  (though  I  have  not  been  able  to  find  its  author)  no  advances, 
were  made  in  elearicity  till  the  fubjed  was  undertaken  by  William 
Gilbert,  a  native  of  Colchefler,  and  a  phyfician  at  London  ;  who, 
in  his  excellent  Latin  treatife  de  magnet e ,  publifhed  in  the  year 
1600,  relates  a  great  variety  of  eleCtrical  experiments.  Confi- 
dering  the  time  in  which  this  author  wrote,  and  how  little  was 
known  of  the  fubjeCt  before  him,  his  difcoveries  may  be  juflly 
deemed  confiderable,  though  they  appear  trifling  when  compared 
with  thofe  which  have  been  made  fince  his  time. 

To  him  we  owe  a  great  augmentation  of  the  lift  01  eleClric 
bodies,  as  alfo  of  the  bodies  on  which  eledrics  can  aCl;  and  he 
has  carefully  noted  feveral  capital  circumftances  relating  to  the 
manner  of  their  aftion,  though  his  theory  of  eleCtricity  was  very 


imperfeCt,  as  might  be  expeCled. 

Amber  and  jet  were,  as  I  obferved  before,  the  only  fubftance.s 
which,  before  the  time  of  Gilbert,  were  known  to  have  the  property 


*  Mr.  Bofe  is  faid  to  h2ve  fhown,  that  the  agate  was  very  early  known  to  have  ele&ric 
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of  attrading  light  bodies  when  rubbed ;  but  be  found  the  fame  pro¬ 
perty  in  the  diamond,  fapphire,  carbuncle ,  iris,  amethyft ,  opal ,  vin- 
centina ,  Brijlol  Jlone,  beryl ',  and  cryjlal.  He  alfo  obferves  that 
glajs,  efpecially  that  which  is  clear  and  tranfparent,  has  the  fame 
property  ;  like  wife  all  fadiitious  gems ,  made  of  glafs  or  cryftal  • 
g/a/s  of  antimony,  moil fparry fubftances,  and  be/emnites.  La  idly, 
he  concludes  his  catalogue  of  dedric  fubftances  with  fulphur, 
majlic ,  /eating  wax  made  of  gum  lac  tinged  with  various  colours, 
hard  rojin,  fal gem,  talc*,  and  roche  alum.  Rofin,  he  faid,  pof- 
felied  this  property  but  in  a  fmall  degree,  and  the  three  laft 
mentioned  fubftances,  only  when  the  air  was  clear  and  free  from 
moifture. 

All  thefe  fubftances,  he  obferves,  attracted  not  only  ftraws, 
but  all  metals,  all  kinds  of  wood,  ftones,  earth,  water,  oil ;  in 
fhort,  whatever  is  folid,  and  the  objed  of  our  fenfes.  But  he 
imagined  that  air,  flame,  bodies  ignited,  and  all  matter  which 
was  extremely  rare  was  not  fubjed  to  this  attradion.  Grofs 
fmoke,  he  found,  was  attraded  very  fenfibly,  but  that  which  was 
attenuated  very  little. 

Friction,  he  fays,  is,  in  general,,  neceflary  to  excite  the’ 
virtue  of  thefe  fubftances  ;  though  he  had  one  large  and  fmooth 
piece  of  amber  which  would  ad  without  fridion.  But  with  re- 
fped  to  this  he  probably  deceived  himfelf.  The  moft  effedua! 
fridion,  he  obferved  to  be  that  which  was  light  and  quick  ;  and 
he  found  that  eledrical  appearances  were  ftrongeft  when  the  air 
was  dry,  and  the  wind  north  or  eaft,  at  which  time  eledric  fub¬ 
ftances  would  ad  ten  minutes  after  excitation.  But  he  fays, 
that  a  moift  air,  or  a  foutherly  wind  almoft  annihilates  the  elec¬ 
tric  virtue.  The  fame  effed  he  alfo  obferved  from  the  interpofi- 
tion  of  moifture  of  any  kind,  as  from  the  breath,  and  many  other 
fubftances,  but  not  always  from  the  interpofltion  of  farfnet.  He 
fays  that  light  and  pure  oil,  fprinkled  upon  eledrics,  after  exci- 
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ration,  did  not  obftrud  their  virtue  ;  but  that  brandy,  or  fpirfc 
of  wine,  did.  He  alfo  fays,  that  cryftal,  talc,  glafs,  and  all  other 
eledrics  loft  their  virtue  after  being  burnt  or  roafted.  But  this 
was,  in  forae  meafure,  a  miftake.  The  heat  of  the  fun,  colleded 
by  a  burning  glafs,  he  fays,  is  fo  far  from  exciting  amber,  and 
.other  eledrics,  that  it  impairs  the  virtue  of  them  all ;  though, 
when  eledrics  have  been  excited,  they  will  retain  their  virtue 

longer  in  the  fun-fhine  than  in  the  fhade. 

Most  of  the  experiments  of  this  author  were  made  with  long 
thin  pieces  of  metal,  and  other  fubftances,  fufpended  freely  on 
their  centers,  to  the  extremities  of  which  he  prefented  the  elec¬ 
trics  he  had  excited.  His  experiments  on  water  were  made  by 
prefenting  a  round  drop  of  it  upon  a  dry  fubftance  to  the  excited 
eledric  ;  and  it  is  remarkable,  that  he  obferved  the  fame  conical 
figure  of  the  eledrifed  drops  which  Mr.  Grey  afterwards  dis¬ 
covered,  and  which  will  be  related  more  at  large  in  its  proper 
place.  Gilbert  concluded,  that  air  was  not  affedted  by  eledri- 
cal  attradlion,  becaufe  the  flame  of  a  candle  was  not :  for  the 
flame,  he  fays,  would  be  difturbed  if  the  air  had  the  leaft  motion 

given  to  it. 

Gilbert  imagined  that  eledrical  attradlion  was  performed  in 
the  fame  manner  as  the  attradlion  of  cohefion.  Two  drops  of 
water,  he  obferved,  rufh  together  when  they  are  brought  into 
contadl ;  and  eledrics,  he  fays,  are  virtually  brought  into  contad 
with  the  bodies  they  adt  upon,  by  means  of  their  effluvia*  excited 
by  fridion. 

Among  other  differences  between  eledric  and  magnetic^ attrac¬ 
tion,  fome  of  which  are  very  juft,  and  others  whimflcal  enough', 
he  fays,  that  magnetic  bodies  rufh  together  mutually  ;  whereas 
in  eledrical  attradion  it  is  only  the  eledtric  that  exerts  any  power. 
He  obferves  alfo  particularly,  that  in  magnetifm  there  is  both 
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attraction  and  repulfion,  but  in  electricity  only  the  former,  and 
never  the  latter*. 

Such  were  the  difcoveries  of  our  countryman  Gilbert,  who 
may  juftly  be  called  the  father  of  modern  ele&ricity,  though  it  be 
true  that  he  left  his  child  in  its  very  infancy. 

Lord  Bacon,  in  his  Phyfiological  Remains,  gives  a  cata¬ 
logue  of  bodies  attractive  and  not  attractive  ;  but  it  differs  in 
nothing  worth  mentioning  from  that  of  Gilbert,  and  he  does 
not  feem  to  have  made  any  obfervations  of  his  own  relating  to 
the  fubjeCt. 

About  30  years  after  Gilbert,  Nicolaus  Cabaeus,  a  Jefuit 
at  Ferrara,  repeated  his  experiments  ;  and  found  that  white  wax, 
almoft  all  the  gums,  and  crude  gypfum  were  to  be  ranked  among 
eleCtric  bodies  'f. 

These  remarkable  phenomena- relating  to  amber,  and  other 
eleCtric  fubftances,  did  not  efcape  the  attention  of  the  inquifitive 
and  fagacious  Mr.  Boyle,  who  llourifhed  about  the  year  1670. 
He  made  fome  addition  to  the  catalogue  of  eleCtric  fubftances, 
and  attended  to  fome  circumftances  relating  to  eleCtrical  attrac¬ 
tion,  wdiich  had;  efcaped  the  obfervation  of  philofophers  who  lived 
before  him. 

He  found  that  the  hard  cake  which  remains  after  evaporating 
good  turpentine  was  eleCtrical,  as  alfo  the  hard  mafs  which  re¬ 
mains  after  diftilling  petroleum  and  fpirit  of  nitre,  glafs  of  lead, 
the  caput  mortuum  of  amber,  and  the  cornelian ;  but  he  could 
not  find  that  property  in  the  emerald,  and  he  thought  that  glafs 
pofTeffed  it  but  in  a  very  low  degree. 

He  found,  that  the  electricity  of  all  bodies  capable  of  having 
i-t  excited  in  them  was  increafed  by  wiping,  and  warming  them* 
previous  to  their  being  rubbed.  By  this  means  he  made  an  elec- 


*  Gilbert  de  magnete,  Lib.,z.  Gap.  2. 
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trie  body,  no  bigger  than  a  pea,  move  a  heel  needle,  which  was 
freely  poifed,  three  minutes  after  he  had  left  off  rubbing  it.  He 
alfo  found,  that  it  was  ufeful  to  have  the  furfaces  of  eledric  bo¬ 
dies  made  very  fmooth,  except  in  the  cafe  of  one  diamond,  on 
which  he  tried  fome  experiments  ;  which,  though  it  was  rough, 
was,  he  fays,  poffeffed  of  a  ftronger  eledric  virtue  than  anypolifh- 
ed  one  he  had  ever  met  with. 

He  obferved  that  excited  eledrics  would  attrad  all  kinds  of 
bodies  promifcuoully,  whether  eledric  or  not ;  that  excited  am¬ 
ber,  for  inftance,  would  attrad  both  powder  of  amber,  and 
fmall  pieces  of  it ;  differing,  as  he  takes  notice,  from  the  pro¬ 
perty  of  the  load-ftone,  which  ads  only  on  one  kind  of  matter. 
He  found,  that  his  eledrics  would  attrad  fmoke  very  eafily,  and 
takes  fome  pains  to  account  for  their  not  fenfibly  attrading 
flame,  which  Gilbert  excepted  from  the  bodies  attraded  by 
eledricity. 

These  attradions,  he  found,  did  not  depend  upon  the  air: 
for  he  obferved  that  they  took  place  in  vacuo.  He  fufpended  a 
piece  of  excited  amber  over  a  light  body  in  a  glafs  receiver,  and 
faw,  that  when  a  vacuum  was  made,  and  the  amber  let  down 
near  the  light  body,  it  was  attraded,  as  if  it  had  been  in  the 
open  air  *.  But  S.  Beccaria  afferts,  that  there  is  no  eledrical  at- 
tradion  in  a  perfed  vacuum. 

Mr.  Boyle  made  an  experiment  to  try  whether  an  excited 
eledric  was  aded  upon  by  other  bodies,  as  ffrongly  as  it  aded 
upon  them,  and  it  fucceeded  :  for,  fufpending  his  excited  elec¬ 
tric,  he  faw  that  it  was  fenfibly  moved  by  the  approach  of  any 
other  body.  We  fhould  now  be  furprifed  that  any  perfon  fhould 
not  have  concluded  a  priori^  that  if  an  eledric  body  attraded  other 
bodies,  it  muff,  in  return,  be  attraded  by  them,  adion  and  reac- 


*  Hiftoire  de  l’e&ricite. 
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tion  being  univer  Sally  equal  to  one  another.  But  it  mufl  be  con¬ 
sidered,  that  this  axiom  was  not  fo  well  underflood  in  Mr.  Boyle’s 
time,  nor  till  it  was  afterwards  explained  in  its  full  latitude  by 
Sir  Ifaac  Newton 

Mr.  Boyle  got  a  glimpfe,  as  we  may  fay,  of  the  eledric 
light:  for  he  found  that  a  curious  diamond,  which  Mr.  Clayton 
brought  from  Italy,  gave  light  in  the  dark,  when  it  was  rubbed 
againft  any  kind  of  fluff ;  and  he  found  that,  by  the  fame  treat¬ 
ment,  it  became  eledrical.  He  alfo  obferved  the  fame  property  in', 
feveral  other  diamonds  f . 

These  experiments  of  Mr.  Boyle’s,  we  fee,  relate  only  to  a 
few  circumflances  attending  the  Simple  property  of  eledrical 
attradion.  The  nearefl  approach  that  he  made  to  the  difcovery 
of  eledrical  repullion  was  his  obferving,  that  light  bodies,  as 
feathers,  &c.  would  cling  to  his  fingers,  and  other  fubflances, 
after  they  had  been  attraded  by  his  eledrics.  He  had  feen  but 
little  of  the  eledric  light,  and  little  imagined  what  aflonifhing 
effieds  would  be  afterwards  produced  by  the  fame  wonderful 
power,  and  how  large  a  field  he  was  opening  for  philofophical 
Speculation  in  future  times. 

Mr.  Boyle’s  theory  of  eledrical  attradion  was,  that  the  elec¬ 
tric  emitted  a  glutinous  effluvium,  which  laid  hold  of  Small  bo¬ 
dies  in  its  way,  and,  in  its  return  to  the  body  which  emitted  it* 
carried  them  back  with  it.  One  James  Hartman,  whofe  account 
of  amber  is  published  in  the  Philofophical  Tranfadions  £,  pre¬ 
tends  to  prove  by  experiment,  that  eledrical  attradion  was  really 
owing  to  the  emiffion  of  glutinous  particles..  He  took  two  elec¬ 
tric  fubflances,  viz.  pieces  of  colophonia,  and  from  one  of  them 
made  a  diflillation  ot  a  black  balfam,  and  thereby  deprived  it  of 
its  attradive  power.  He  fays,  that  the  eledric,  which  was  not 

Boyle’s  Mechanical  production  of  eledlricity.  Secondat’s  hiftcry  of  elec¬ 
tricity,  p.  141.  J  Abridgement,  Vol.  2.  p.  473. 
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diftilled,  retained  its  fatty  fubftance,  whereas  the  other  was,  by 
diftillation,  reduced  to  a  mere  caput  mortuum ,  and  retained  no  de¬ 
gree  of  its  bituminous  fat.  In  confequence  of  this  hypothecs,  he 
gives  it  as  his  opinion,  that  amber  attracts  light  bodies  more 
powerfully  than  other  fubftances,  becaufe  it  emits  oily  and  tena¬ 
cious  effluvia  more  copioufly  than  they  do. 

Contemporary  with  Mr.  Boyle  was  Otto  Guericke,  Bui  go- 
mailer  of  Magdebourg,  and  the  celebrated  inventor  of  the  air- 
pump,  who  is  likewife  intitled  to  a  diftinguilhed  place  among  the 
fir  ft  improvers  of  electricity. 

This  philofopher  made  his  experiments  with  a  globe  of  ful- 
phur,  made  by  melting  that  fubftance  in  a  hollow  globe  of  glafs, 
and  afterwards  breaking  the  glafs  from  off  it.  He  little  imagined 
that  the  glafs  globe  itfelf,  with  or  without  the  fulphur,  would 
have  anfwered  his  purpofe  as  well.  This  globe  of  fulphur  he 
mounted  upon  an  axis,  and  whirled  it  in  awooden  frame,  rubbing 
it  at  the  fame  time  with  his  hand  ;  and  by  this  means  he  per¬ 
formed  all  the  electrical  experiments  which  were  known  before 

his  time. 

His  was  the  difcovery,  that  a  body  once  attraded  by  an  ex¬ 
cited  eledric  was  repelled  by  it,  and  not  attraded  again  till  it  had 
been  touched  by  fome  other  body.  In  this  manner  he  kept  a  fea¬ 
ther  a  long  time  fufpended  in  the  air  above  his  fulphur  globe; 
but  he  obferved,  that  it  he  drove  it  near  a  linen  thread,  or  the 
flame  of  a  candle,  it  inftantly  retreated  to  the  globe,  without  hav¬ 
ing  been  in  contad  with  any  fenfible  body. 

Neither  the  found,  nor  the  light  produced  by  the  excitation 
of  his  globe,  efcaped  the  notice  of  this  accurate  philofopher,  though 
he  feems  not  to  have  obferved  them  in  a  very  great  degree  : 
for  he  was  obliged  to  hold  his  ear  near  the  globe  to  perceive  the 
biffing  found  of  the  eledric  fire  ;  and  he  compares  the  light  which 
it  gave  in  the  fame  circumftances  to  that  which  is  feen  when  fugar 
is  pounded  in  the  dark. 
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But  the  moil  remarkable  experiments  of  this  philofopher  were 
two,  which  depend  upon  a  property  of  the  eledric  fluid  that 
has  not  been  iliuflrated  till  within  thefe  late  years  ;  viz.  that  bo¬ 
dies  immerged  in  eledric  atmofpheres  are  themfelves  eledrifled, 
and  with  an  eledricity  oppofite  to  that  of  the  atmofphercu 
Threads  fufpended  within  a  fmall  diftance  of  his  excited  globe, 
he  obierved  to  be  often  repelled  by  his  Anger  brought  near  them, 
and  that  a  feather  repelled  by  the  globe  always  turned  the  fame 
face  towards  it,  like  the  moon  with  refped  to  the  earth.  This 
laft  experiment  leems  to  have  been  wholly  overlooked  by  later 
e.edricians,  though  it  is  a  very  curious  one,  and  may  be  made 
with  fo  much  eafe  *. 

To  the  members  of  the  Academy  Del  Cimento ,  whofe  labours 
contributed  very  confiderably  to  the  advancement  of  various 
branches  of  natural  knowledge,  we  are  indebted  for  feveral  obfer- 
vations  on  the  fubjed  of  eledricity. 

They  rank  the  eledric  bodies  which  they  examined  in  the  fol¬ 
lowing  older,  according  to  the  ftrength  of  their  attradive  power, 
yellow  amber ,  feahng  wax,  the  rofe  diamond,  and  of  the  fame 
ftrength  with  this  the  white  fapphire ,  emerald ,  white  topaz ,  fpi - 
nelle ,  and  ruby  b  a  lie  is  t  After  thefe  they  ranked  all  tranfparent 
gems,  and  next  to  the  precious  flones  they  placed  glafs,  cryjlal , 
with  white  and  black  amber,  the  power  of  all  which  they  fay  is 
very  weak. 

Yellow  amber  appearing  to  them  to  have  the  greateft  power 
of  all  eledric  fubftances,  they  made  all  their  experiments  with 
it.  Among  other  things,  they  found  that  it  attraded  fmoke ,  but 
n°t  flame  \  and  upon  thisoccafion  they  obferved  the  curious  phe¬ 
nomenon  of  a  'vijible  eledlric  atmofphere,  which  was  afterwards 
re-difcovered,  and  exhibited  to  more  advantage  by  Dr.  Franklin. 

*  Experimenta  Magdeburgica,  Lib.  4.  Cap.  15. 
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For  they  fay,  that  that  part  of  the  fmoke  which  is  attraded  by  the 
amber  remains,  and  unites  itfelf  to  it,  like  a  fmall  cloud,  and  ao 
the  amber  cools,  it  rifes  in  fmoke  again,  and  vanifhes.  At  the 
fame' time  they  alfo  obferved  a  pretty  curious  effed  of  eiectiical 
repul fi on  j  for  they  fay  that  part  of  the  fmoke  was  thrown  off 

from  the  amber,  as  from  a  looking-glafs. 

Flame,  they  obferved,  was  fo  far  from  being  attiaded  by  the 
amber,  that,  upon  being  prefented  to  it,  it  prefently  deprived  it  of 
all  its  attradive  power  ;  for  if,  after  it  had  taken  up  any  thing,  it 
was  held  to  the  flame,  it  would  immediately  let  it  go  again. 

They  found  that  all  JluidJubJlanccs  were  feniiblc  to  the  attrac¬ 
tive  power  of  amber,  and  among  the  reft  even  mercury  ;  and 
that  when  the  excited  amber  was  prefented  to  a  large  fuperficies 
of  any  liquor,  it  rofe  towards  it  in  a  fmall  pointed  eminence ;  an 
effed  which,  they  fay,  is  beft  obferved  in  oil  or  half  am.  This  ob- 
fervation,  we  fhall  find,  was  afterwards  made  again,  and  more 

particularly  attended  to  by  Mr.  Grey  *. 

These  gentlemen  took  a  great  deal  of  pains  to  tiy  whethei 
amber  would  attrad  in  vacuo ,  but  to  no  purpofe,  not  being  able 
to  exclude  the  air,  fo  as  to  rub  the  amber  in  vacuo,  and  apply  it 
to  the  light  body  they  had  provided,  with  any  elfedj  but  neithei 
could  they  make  the  amber  ad  in  the  fame  confined  fituation  even 
when  the  air-  was  not  at  all  excluded  '{'. 

They  alfo  found,  with  Mr.  Boyle,  that  a  piece  of  excited  am¬ 
ber,  fufpended  by  a  thread,  was  attraded  by  other  bodies  pre- 
fented  to  it,  juft  like  a  magnetical  needle  J. 

Lastly,  thefe  gentlemen  found  that  when  the  excited  amber 
was  dipped  in  fome  liquors,  it  immediately  loft  its  power,  but 
not  after  being  dipped  in  others.  In  this  laft  clafs  they  enume¬ 
rate  fever al  kinds  of  oil ,  tallow ,  fut>  and  butter ,  and  it  is  now 


*  Eflayson  Natural  Experiments,  tranfluted  by  Walker,  p. 
t  lb‘  P-  !29- 
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found  that  the  conducing  power  of  thefe  fubflances  is  fo  final! , 
that  they  are  more  properly  claffed  among  the  non-condudtors  T 

I  shall  in  the  next  place  obferve,  that  Mr.  Boyle,  Otto  Gue¬ 
ricke,  and  thefe  gentlemen,  made  their  experiments  about  the 
fame  time,  and  feemed  to  have  derived  no  advantage  whatever 
from  each  other’s  labours. 

A  much  finer  appearance  of  ele&ric  light  than  that  which 
Otto  Guericke’s  fulphur  globe  exhibited  was-  obferved  by  Dr. 
Wall.  The  account  of  it  is  publifhed  in  the  Philofophical 
Tranfa&ions  •f*. 

Making  experiments  upon  artificial  phofphorus,  which  he 
took  to  be  an  animal  oil  coagulated  with  a  mineral  acid,  he  was 
led  to  conjedlure  that  amber,  which  he  fuppofed  to  be  a  mineral 
oil  coagulated  with  a  mineral  volatile  acid,  might  be  a  natural 
phofphorus  ;  and  with  this  view  he  began  to  make  experiments 
upon  it,  the  refult  of  which,  being  very  curious  and  furpriz- 
ing,  it  will  be  moft  agreeable  to  my  readers  to  fee  in  the  very 
words  of  the  obferver  himfelf. 

“  I  found,”  fays  he,  “  by  gently  rubbing  a  well  polifhed 
“  piece  of  amber  with  my  hand,  in  the  dark,  that  it  produced 
“  a  light :  whereupon  I  got  a  pretty  large  piece  of  amber, 
“  which  I  caufed  to  be  made  long  and  taper,  and  drawing  itgent- 
u  ly  through  my  hand,  being  very  dry,  it  afforded  a  confiderable 
u  light. 

“I  then  ufed  many  kinds  of  foft  animal  fubflances,  and 
li  found  that  none  did  fo  well  as  wool.  And  now  new  pheno- 
“  mena  offered  themfelves  :  for,  upon  drawing  the  piece  of 
“  amber  fwiftly  through  the  woollen  cloth,  and  fqueezing  it 
“  pretty  hard  with  my  hand,  a  prodigious  number  of  little 
<c  cracklings  were  heard,  arid  everyone  of  thefe  produced  a  little 


*  Eflays  on  Natural  Experiments,  tranllated  by  Walker,  p.  131. 
abridged,  Vol.  4.  p.  275. 
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“  flafh  of  light ;  but  when  the  amber  was  drawn  gently  and 
“  flightly  through  the  cloth,  it  produced  only  a  light  but  no 
“  crackling  ;  but  by  holding  one’s  fingers  at  a  little  difiance  from 
c<  the  amber,  a  large  crackling  is  produced,  with  a  great  flafh 
“  of  light  fucceeding  it.  And,  what  to  me  is  very  furprifmg, 

“  upon  its  eruption,  it  ftrikes  the  finger  very  fenfibly,  wherefo- 
“  ever  applied,  with  a  pufh  or  a  puff,  like  wind.  The  crackling 
«  is  full  as  loud  as  charcoal  on  fire,  and  five  or  fix  cracklings, 

“  or  more,  according  to  the  quicknefs  of  placing  the  finger,  have 
“  been  produced  from  one  fingle  fridion,  light  always  fucceeding 
“  each  of  them. 

“  Now  I  make  no  queftion,  but  upon  ufing  a  longer  and 
“  larger  piece  of  amber,  both  the  cracklings  and  light  would  be 
“  much  greater,  becaufe  I  never  yet  found  any  crackling  from 
«  the  head  of  my  cane,  though  it  is  a  pretty  large  one.  This 
it  light  and  crackling  feems,  in  fome  degree,  to  reprefent  thunder 
«  and  lightning.” 

After  reciting  this  experiment,  he  gives  it  as  his  opinion, 
that  all,  or  molt  bodies,  which  have  electricity,  give  light,  and 
that  it  is  the  light  which  is  the  caufe  of  their  being  eleCtrical. 
He  found  that  light  could  alfo  be  produced  by  rubbing  jet,  red 
fealing  wax,  made  with  gum  lac  and  cinnabar,  and  the  diamond. 
He  even  imagined  he  could  drftinguifh  true  from  falfe  diamonds 
by  this  teft. 

Notwithstanding  Dr.  Wall  made  this  beautiful  difcovery, 
as  he  imagined  (for  he  feems  not  to  have  feen  what  Otto  Guericke 
had  written)  of  light  proceeding  from  amber  and  other  eledric 
bodies,  we  fee  that  he  laboured  under  a  great  deal  of  confufion 
and  mifapprehenfion  with  refpedt  to  it.  He  fays,  that  one  thing 
appeared  firange  to  him  in  the  courfe  of  thefe  experiments,  which 
was,  that  though,  upon  fridion  with  wool  in  the  day  time,  the- 
cracklings  feeme.d  to  be  full  as  many  and  as  large,  yet  that,  by  all 
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the  trials  which  he  made,  very  little  light  appeared,  though  in 
the  darkeft  room.  He  fays  that  the  beft  time  for  making  thefe 
experiments  is  when  the  fun  is  i8°  below  the  horizon,  and  that 
when  the  fun  was  fo  low,  though  the  moon  fhone  ever  fo  bright, 
the  light  was  the  fame  as  in  the  darkeft  room,  which  made  him 
chufe  to  call  it  a  nodiluca. 

It  is  remarkable  that  Dr.  Wall  compares  the  light  and  the 
crackling  of  his  amber  to  thunder  and  lightning  :  fo  early  was  a 
fimilarity  between  the  effeds  of  electricity  and  lightning  obferved. 
But  little  was  it  imagined  that  the  refemblance  between  them  ex¬ 
tended  any  farther  than  to  appearances  and  effeds.  That  the  caufe 
was  the  fame  in  both,  was  a  difcovery  referved  for  Dr.  Franklin, 
in  a  much  later  period. 

The  great  Sir  Ifaac  Newton,  though  he  by  no  means  makes 
a  principal  figure  in  the  liiftory  of  eledricity,  yet  made  feme 
eledrical  obfervations  which  engaged  the  attention  of  his  philo- 
fophical  friends ;  and  which,  independent  of  their  being  made 
by  him,  do  well  deferve  to  be  tranfmitted  to  pofterity.  They 
feem  to  fhew,  that  he  was  the  firft  who  obferved,  that  excited 
glafs  attracted  light  bodies  on  the  fide  oppofite  to  that  on  which: 
it  was  rubbed. 

Having  laid  upon  the  table  a  round  piece  of  glafs,  about 
two  inches  broad,  in  a  brafs  ring,  fo  that  the  glafs  might  be  one 
eighth  of  an  inch  from  the  table,  and  there  rubbing  the  glafs 
brifkly,  little  fragments  of  paper  laid  on  the  table,  under  the 
glafs,  began  to  be  attraded,  and  move  nimbly  to  and  fro.  After 
he  had  done  rubbing  the  glafs,  the  papers  would  continue  a  con- 
fiderable  time  in  various  motions;  fometimes  leaping  up  to  the 
glafs,  and  felling  there  a  while,  then  leaping  down  and  refting 
there,  and  then  leaping  up  and  down  again  ;  and  this  fometimes 
in  lines  feemingly  perpendicular  to  the  table,  fometimes  in  ob¬ 
lique  ones ;  fometimes  alfo  leaping  up  in  one  arch,  and  leaping 
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down  in  another,  divers  times  together,  without  fenfibly  refting 
between  ;  iometimes  Ikipping  in  a  bow  from  one  part  of  the  glais 
to  another,  without  touching  the  table,  and  fometimes  hanging 
by  a  corner,  and  turning  often  very  nimbly,  as  it  they  had  been 
carried  about  in  the  midft  of  a  whirlwind,  and  being  otherwife 
varioufly  moved,  every  paper  with  a  different  motion.  Upon 
his  Hiding  his  finger  on  the  upper  fide  of  the  glafs,  though  nei¬ 
ther  the  glafs,  nor  the  inclofed  air  below,  were  moved,  y£t  he  ob- 
ferved,  that  the  papers,  as  they  hung  under  the  glafs,  would  re¬ 
ceive  fome  new  motion,  inclining  this  way  or  that,  according  as 
he  moved  his  finger. 

Some  of  the  motions,  as  that  of  hanging  by  a  corner  and 
twirling  about,  and  that  of  leaping  from  one  part  of  the  glafs  to 
another  without  touching  the  table  happened  but  feldom  ;  but, 
he  fays,  it  made  him  take  the  more  notice  of  them  *. 

An  account  of  this  experiment  Sir  llaac  fent  to  the  membeis 
of  the  R.  Society  in  the  year  i  675,  defiring  it  might  be  tried  by 
them ;  and  after  fome  ineffectual  attempts,  and  receiving  further 
inff ruCtions  how  to  make  it,  they  at  length  fucceeded,  and  the 
thanks  of  the  fociety  were  formally  returned  to  him  f. 

Upon  repeating  the  experiment  with  fome  variety  of  circum- 
ftances,  Sir  Ifaac  obferves,  that  rubbing  varioufly,  or  with  va¬ 
rious  things,  altered  the  cafe.  At  one  time  he  rubbed  a  glafs 
four  inches  broad,  and  one  fourth  thick,  with  a  napkin,  twice  as 
much  as  he  ufed  to  do  with  his  gown,  and  nothing  would  ffir, 
and  yet  prefently  after,  rubbing  with  fomething  elfe,  the  mo¬ 
tion  foon  began.  After  the  glafs  had  been  much  rubbed,  he 
thought  the  motions  were  not  fo  lading,  and  the  day  following 
he  found  the  motions  fainter,  and  more  difficult  to  be  excited 
than  at  fir  ft  J. 

*  Birch’s  Hilt,  of  theR.  Society,  Vol.  3.  p.  260,  Sec. 
syo. 
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Sir  Isaac  alfo  mentions  electricity  in  two  queries  annexed  to 
his  treatife  on  Optics,  from  which  we  learn,  that  he  imagined 
ele  fl  ic  bodies  when  excited  emitted  an  elaftic  fluid,  which  freely 
penetrated  glafs,  and  that  the  emilfion  was  performed  by  the  vi¬ 
bratory  motions  of  the  parts  of  the  excited  bodies  *. 

r  .  . 


*  Newton’s  Optics,  o&avo,  p.  314,  and  327. 
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PERIOD  II. 

-\ 

The  experiments  and  discoveries  of  Mr.  Hauksbee* 


AFTER  Gilbert,  Mr.  Boyle,  and  Otto  Guericke,  Mr.Haukf- 
bee,  who  wrote  in  the  year  J709,  diftinguifhed  himfelf 
by  experiments  and  difcoveries  in  eledtricity.  He  firft  obferved 
the  great  eledtric  power  of  glafs,  the  light  proceeding  from  it, 
and  the  noife  occafioned  by  it,  together  with  a  variety  of  phem> 
mena  relating  to  eledtrical  attradtion  and  repulfion.  He  was  in¬ 
defatigable  in  making  experiments,  and  there  are  few  perfons  to 
whom  we  are  more  indebted  for  a  real  advancement  of  this  branch 
of  knowledge.  This  will  appear  from  the  following  fuccindt  ac¬ 
count  of  his  experiments,  related  not  exadtly  in  the  order  in  which 
he  has  publifhed  them,  but  according  to  their  connedtion.  This 
method  I  have  chofen,  as  beft  adapted  to  give  the  moft  diftindt 
view  of  the  whole. 

I  shall  firft  relate  the  experiments  he  made  concerning  elec¬ 
trical  attraction  and  repulfion ,  in  many  of  which  we  fhall  fee  rea- 
fon  to  admire  his  ingenious  contrivances,  and  fhall  fee  that  little 
was  added  to  his  obfervations,  till  the  capital  difcovery  of  a  plus 
and  minus  eledtricity  by  Dr.  Watfon  and  Dr.  Franklin,  and  the 
farther  illuliration  of  that  dodtrine  by  Mr.  Canton. 

The  moft  curious  of  his  experiments  concerning  eledtrical  at¬ 
tradtion  and  repulfion  are  thofe  which  fhew  the  diredtion  in  which 
thofe  powers  are  exerted. 
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Having  tied  threads  round  a  wire  hoop,  and  brought  it  near 
to  an  excited  globe  or  cylinder,  he  obferved,  that  the  threads 
kept  a  conftant  direction  towards  the  center  of  the  globe,  or  to¬ 
wards  fome  point  in  the  axis  of  the  cylinder,  in  every  pofttion  of 
the  hoop  j  that  this  effed  would  continue  for  about  four  minutes 
after  the  whirling  of  the  globe  ceafed,  and  that  the  effed  was 
the  fame  whether  the  wire  was  held  above  or  under  the  glafs;  or 
whether  the  glafs  was  placed  with  its  axis  parallel,  or  perpendi¬ 
cular  to  the  horizon. 

He  obferved,  that  the  threads  pointing  towards  the  center  of 
the  globe  were  attraded  and  repelled  by  a  finger  prefented  to 
them  ;  that  if  the  finger,  or  any  other  body,  was  brought  very 
near  the  threads,  they  would  be  attraded;  but  that  if  it  were 
brought  to  the  difiance  of  about  an  inch,  they  would  be  repelled, 
the  reafon  of  which  difference  he  did  not  feem  to  underhand  *. 

He  tied  threads  to  the  axis  of  a  globe  and  cylinder,  and  found 
that  they  diverged  every  way  in  hraight  lines  from  the  place 
where  they  were  tied,  when  the  globe  was  whirled  and  rubbed. 
In  both  cafes,  he  fays,  the  threads  would  be  repelled  by  the  finger 
field  on  the  oppofite  hde  of  the  glafs,  even  without  touching 
the  glafs  ;  though  they  would  fometimes  fuddenly  jump  towards 
it  f.  He  obferved  farther,  that  by  blowing  with  his  mouth  to¬ 
wards  the  glafs,  at  three  or  four  feet  diftance,  the  threads  would 
have  a  very  confiderable  motion  given  to  them. 

He  found  that  threads,  hanging  freely  in  an  unexcited  globe, 
at  reft,  would  be  moved  by  the  approach  of  any  excited  eledric 
at  a  confiderable  diftance,  except  in  moift  weather;  which 
failure  he  accounts  for,  by  fuppofmg  the  moifture  on  the  furface 
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of  the  glafs  prevented  the  free  paffage  of  the  eleflric  effluvia 
through  it  *. 

The  varieties  he  obferved  on  the  appearances  and  properties 
of  the  eleclric  light ,  are  even  more  curious  and  furprifmg  than  his 
difcoveries  concerning  elearic  attradion  and  repulfion;  and  it 
is  fomething  remarkable  that  Mr.  Haukfbee  s  tranfition  to 
elediric  light  was  like  that  of  Dr.  Wall,  viz.  from  the  light  of 

phofphotfus.  < 

Mr.  H  auks  bee  firft  produced  a  confiderable  quantity  of 

light  by  fhaking  quick-filver  in  a  glafs  veflel,  out  of  which  the 
air  was  exhaufted.  Sometimes  what  he  calls  ftrange  flafhes  of 
pale  light  were  feen  darting  in  a  variety  of  directions,  when  the 
mercury  was  put  in  motion  within  an  exhaufted  receiver  p.  But 
the  difcovery  was  probably  accidental,  and  he  did  not  feem,  at 
that  time,  to  know  the  reafon  of  the  appearance.  He  called  this 
light  the  mercurial  pliofphorus ,  and  did  not  conftder  the  glais  as 

any  way  concerned  in  producing  it. 

He  alfo  found,  that  this  appearance  of  eleCtric  light  (which 
he  ftill  calls  the  mercurial  phofphorus)  did  not  require  a  very 
perfect  vacuum,  nor  even  a  near  approach  to  itj.  Nay  he 
fometimes  produced  that  appearance  of  light  by  fhaking  mercury 
in  a  veflel,  in  which  the  air  was  of  the  fame  denfity  with  the 
external  atmofphere ;  but  ftill  he  had  no  idea  of  the  glafs  contri¬ 
buting  to  the  phenomenon  ||. 

He  obferved  a  ftrong  light  in  vacuo,  and  a  ffnall  one  in  the 
open  air,  from  rubbing  amber  upon  woollen,  but  feems  to  have 
conflderedit  as  any  hard  body  rubbing  againft  a  fort  one  §.  He 
alfo  obferved  a  vivid  purple,  and  afterwards  a  pale  light  produced 
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by  rubbing  glafs  upon  woollen  in  vacuo  *.  He  fays  that  every 
freih  glafs  firft  gave  a  purple,  and  then  a  pale  light,  and  that 
woollen  tindured  with  fait  or  fpirits  produced  a  new,  ftrong,  and 
fulgurating  light  *f*. 

In  the  following  experiments  we  find  his  ideas  of  ele&ric  light 
much  more  diftindt,  and  the  appearances  the  fame  that  are  ufually 
exhibited  by  our  prefent  electrical  machines,  the  ftru&ure  of 
which,  we  fhall  find  to  be  nearly  the  fame  with  thofe  which  he 
ufed. 

He  provided  himfelf  with  a  machine  in  which  he  could  whirl  a 
glafs  globe ;  and  he  obferved,  when  the  air  was  extracted  out  of 
it,  that,  upon  applying  his  hand  to  the  globe,  a  ftrong  light  ap¬ 
peared  011  the  infide,  and,  upon  letting  in  the  air,  he  obferved 
the  light  on  the  outfide  alfo;  but  with  fome  very  confiderable  dif¬ 
ferences  in  its  appearances,  Itriking  upon  his  fingers,  and  other 
bodies  held  near  the  globe.  He  alfo  obferved,  upon  this  occa- 
fion,  that  one  fourth  of  an  atmofphere  in  the  globe  did  very  little 
diminifh  the  light  within.  It  is  pleafing  to  obferve,  that  the  fi- 
milar  appearance  in  this  experiment,  <&nd  that  with  mercury  in 
vacuo  before-mentioned,  made  him  fufpeCI,  though  only  fufpefr, 
that  the  light  produced  in  the  former  cafe  proceeded  not  from  the 
mercury,  but  from  the  glafs. 

The  next  experiment  is  of  a  very  delicate  and  curious  nature. 
It  is  not  to  be  wondered  at,  that  Mr.  Haukfbee  did  not  under- 
ftand  the  circumftances  which  contributed  to  it,  as  the  explica¬ 
tion  of  it  depends  upon  principles  which  were  not  difcovered  till 
a  much  later  period  by  Mr.  Canton. 

Holding  an  exhaufted  globe  within  the  effluvia  of  an  excited 
one,  he  obferved  a  light  in  the  exhaufted  globe,  which  prefent- 
ly  died  away,  if  it  was  kept  at  reft;  but  which  was  revived,  and 
-continued  very  ftrong,  if  the  exhaufted  globe  was  kept  in  mo- 
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lion.  Prefenting  an  exhaufted  tube  to  tlie  effluvia  of  an  excited 
globe,  it  produced  what  he  calls  an  interrupted  flaffling  light. 
He  imagined  that  the  exhaufted  globe  was  excited  by  the  attrac¬ 
tion  of  the  effluvia  from  the  other  globe,  fo  little  did  he  under— 
ftand  the  true  caufe  of  this  curious  experiment  *.  When  he  lays 
that  light  is  producible  by  the  effluvia  of  one  glafs  falling  upon 
another,  he  adds;  that  eleClric  (by  which  he  means  at¬ 
tractive)  matter,  is  not  to  be  brought  forth  by  any  fuch  feeble 
ftrokes.  He  had  before  obferved  that,  upon  rubbing  an  exhaufted 
tube,  it  difcovered  no  attractive  power,  nor  gave  any  light  out¬ 
wards,  but  only  inwards. 

He  found  that  when  the  friClion  was  performed  in  vacuo,  no 
electricity  (that  is  attraction)  could  be  produced  ■'j- ;  but  that  though 
the  attractive  quality  required  the  prefence  both  of  the  external 
and  internal  air,  in  order  to  its  fhewing  itfelf,  yet  the  light 
requires  the  prefence  of  only  one  of  them  in  order  to  its  ap¬ 
pearance;  for  that  either  a  glafs  globe  full  of  air  rubbed  in  vacuo , 
or  with  its  air  exhaufted  and  rubbed  in  pleno ,  would  produce  a 
very  confiderable  light  J. 

He  fays  alfo,  that  thofe  lights  are  lefs  fenfibly  affeded  by  the 
return  of  air,  which  are  produced  by  the  attrition  of  exhaufted 
glafs  in  pleno,  than  thofe  which  are  produced  by  the  attrition 
of  glafs  full  of  air  in  vacuo;  for  that,  in  the  former  cafe,  no  great 
alteration  was  found  in  the  light  or  colour,  until  a  certain  quan¬ 
tity  of  air  was  let  into  the  infide  of  the  exhaufted  glafs  ;  but  that, 
in  the  latter  cafe,  both  light  and  colour  w'ere  fenfibly  changed, 
upon  every  admiffion  of  air  to  the  outfide  of  the  full  glafs  §. 

Tun  greateft  eleClric  light  Mr.  Haukfbee  produced,  was 
when  he  enclofed  one  exhaufted  cylinder  within  another  not  ex¬ 
haufted,  and  excited  the  outermoft  of  them,  putting  them  both 
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in  motion.  Whether  their  motions  confpired  or  not,  he  obferv- 
ed,  made  no  difference.  When  the  outer  cylinder  only  was  in 
motion,  he  fays,  the  light  was  very  confiderable,  and  fpread 
itfelf  over  the  furface  of  the  inner  glafs.  What  furprifed  him 
moft  was,  that  after  both  glaffes  had  been  in  motion  fome  time, 
during  which  his  hand  had  been  applied  to  the  furface  of  the  outer 
glafs,  the  motion  of  both  ceafing,  and  no  light  at  all  appearing; 
if  he  did  but  bring  his  hand  again  near  the  furface  of  the  outer 
glafs,  there  would  be  flafhes  of  light,  like  lightning,  produced 
in  the  inner  glafs ;  as  if,  he  fays,  the  effluvia  from  the  outer 
glafs  had  been  pufhed  with  more  force  upon  it  by  means  of  the 
approaching  hand  *.  This  experiment  was  fimilar  to  thole  which 
he  made  with  the  excited  and  exhaufted  globe,  and  with  the  ex¬ 
haufted  tube ;  and  his  reafoning  upon  it  fhews,  that  he  was  hill  far 
from  being  fully  apprized  of  all  the  circumftances  attending  this 
fadt. 

The  next  experiments  which  I  fhall  relate  of  Mr.  Haukfbee’s, 
are  thofe  which  fhew  the  great  copioufnefs,  and  extreme  fub- 
tilty  of  ele&ric  light.  They  are  really  amazing,  and  have  not 
yet  been  purfued  in  the  manner  they  deferve. 

He  lined  more  than  half  of  the  inllde  of  a  glafs  globe  with 
fealing  wax,  and  having  exhaufted  the  globe,  he  put  it  in  mo¬ 
tion  ;  when,  applying  his  hand  to  excite  it,  he  law  the  fhape 
and  figure  of  all  the  parts  of  his  hand  diftin&iy  and  perfectly, 
on  the  concave  fuperficies  of  the  wax  within.  It  was  as  if  there 
had  only  been  pure  glafs,  and  no  wax  interpoled  between  his 
eye  and  his  hand.  The  lining  of  wax,  where  it  was  fpread  the 
thinneft,  would  but  juft  allow  the  fight  of  a  candle  through  it  in 
the  dark;  but  in  fome  places  the  wax  was,  at  leaft,  one  eighth 

of  an  inch  thick;  yet  even  in  thofe  places,  the  light  and  the 

* 
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figure  of  his  hand  were  as  diflinguifhable  through  it,  as  any 
where  elfe.  Nay  though,  in  fome  places,  the  fealing  wax  did 
not  adhere  fo  clofely  to  the  glafs  as  in  others,  yet  the  light  on 
thefe  appeared  juft  as  on  the  reft  *r. 

T  hese  experiments  fucceeded  equally  with  pitch  inftead  of 
fealing  wax.  And  he  obferved,  that  when  the  air  was  let  into 
the  glafs,  every  part  of  it,  the  lined  part  and  the  unlined,  fee  ru¬ 
ed  to  attrad  with  equal  vigour  j\  Melted  flowers  of  fulphur  had 
no  fuch  effed,  but  common  fulphur  anfwered  as  well  as  fealing 
wax,  or  pitch.  In  both  thefe  laft  experiments  the  fulphur  was 
found  to  have  been  feparated  from  the  glafs  f . 

Using  a  large  quantity  of  common  fulphur  in  the  fame  man¬ 
ner,  the  light  in  the  infide  was  four  times  as  great,  but  the  figure 
of  his  fingers  was  not  fo  diflinguifhable  as  in  the  former  cafes. 
He  likewife  obferved,  that  on  the  part  near  the  axis,  where  the 
fubftance  of  the  fulphur  was  thegreateft,  no  light  was  produced  ; 
which  he  attributed,  chiefly,  to  the  ilownefs  of  the  motion  in 
that  place  §, 

Upon  the  admiflion  of  a  fmail  quantity  of  air  into  the  globe, 
thus  partially  lined  with  fealing  wax,  the  light  wholly  difap- 
peared  on  the  part  covered  with  the  wax,  but  not  on  the  other. 

He  alfo  obferved,  that  when  all  the  air  was  let  in,  and  the 
hoop  of  threads  before-mentioned  held  over  the  glafs,  the  threads 
were  attraded  at  greater  diftances  by  the  part  which  was  coated 
with  the  wax  than  by  the  other  :  when  all  the  air  was  exhaufted, 
he  fays,  the  wax  would  attrad  bodies  placed  near  the  out-fide  of 
the  glafs ;  that  even  in  this  cafe,  the  threads  preferved  their  cen¬ 
tral  diredion,  though  not  fo  vigoroufly  as  when  the  air  was  let 
in ;  but  that  they  would  not  be  attraded  at  all,  when  there  was 
no  wax  on  the  infide  of  the  exhaufted  globe. 
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Mr.  Hauksbee  was  not  unattentive  to  the  found  made  by 
the  emiffion  of  the  eledric  effluvia,  or  to  the  manner  in  which 
it  affected  the  fenfe  of  feeling .  He  obferved,  that  when 
an  excited  tube  of  glafs  attracted  various  bodies,  and  threw  light 
upon  them,  as  they  were  held  near  it,  a  noife,  which  he  calls 
a  J napping ,  was  likewife  heard.  He  alfo  fays,  that  the  rubbed 
tube,  held  near  the  face,  gave  a  feeling,  as  if  fine  hairs  had 
been  drawn  over  it;  and  when  he  repeated  the  experiment  of 
whirling  and  rubbing  the  glafs  globe,  he  obferved  the  light  to 
proceed  from  it  with  fome  noife,  and  to  make  a  kind  of  preffure 
upon  the  finger,  when  it  was  held  within  half  an  inch  of  it  *. 

Nor  was  Mr.  Haukefbee’s  attention  confined  to  the  eledric 
power  of  glafs.  He  made  experiments  with  a  globe  of  fealing 
waxy  in  the  center  of  which  was  a  globe  of  wood  ;  from  which 
he  concluded,  that  the  ele&ricity  of  fealing  wax  was,  in  general 
the  fame  with  that  of  glafs,  but  different  from  it  in  degree.  He 
could  not  make  any  light  adhere  to  his  finger  when  prefented  to 
the  excited  fealing  wax,  any  more  than  when  it  was  prefented 
to  an  exhaufted  and  excited  globe  of  glafs. 

He  provided  himfelf,  in  like  manner,  with  a  globe  of  fulphur, 
and  another  of  rofin  with  a  mixture  of  brick  duff,  but  the  ful¬ 
phur  could  hardly  be  excited  at  all;  whereas  the  rofin aded  more 
powerfully  than  the  fealing  wax  had  done.  This  he  afcribed  to 
its  being  ufed  while  it  was  warm:  for,  in  the  fame  warm  date, 
it  attracded  leaf  brafs  without  any  attrition  at  all 

He  fays,  that  the  excited  rofin  gave  no  light  in  the  dark,  and 
the  fulphur  but  little  J. 

With  refped:  to  the  power  of  elediricity  in  general,  he  obferv¬ 
ed,  that  a  flight  fridion  was  fufficient  to  excite  it,  and  that  a 
greater  preffure,  or  a  more  violent  motion  did  not  confiderably 

*  Phyfico-Mechanical  Experiments,  p.  65.  f  lb.  154.  X  lb.  156. 
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mcreafe  it  *.  He  fays,  that  all  the  phenomena  of  eledricity  were 
improved  by  warmth;  and  diminifhed  by  moiflure ;  which  he 
attributed  to  the  refiflance  that  the  aqueous  particles  gave  to  the 
effluvia;  and,  like  Mr.  Boyle,  and  others  before  him,  he  was  con¬ 
firmed  in  this  hypothefis,  by  finding,  that  the  interpofition  of 
linen  cloth  prevented  any  effects  from  being  obierved  beyond  it. 

He  alfo  obferved,  that  when  the  tube  was  filled  with  other 
matter  than  air,  as  with  dry  writing  fand  (which  he  actually  tried) 
the  attractive  power  of  the  effluvia  was  confiderably  abated ;  but  he 
did  not  know  what  kind  of  bodies  would  produce  that  effed.  He 
himfelf  obferves,  that  he  found  the  eledric  virtue  of  a  folid  cy¬ 
linder  of  glafs  to  be,  not  indeed  quite  fo  ftrong  as  that  of  a 

hollow  tube,  but  more  permanent  f . 

That  Mr.  Haukfbee,  after  all,  had  no  clear  idea  of  the 
diftindion  of  bodies  into  eledrics  and  non-eledrics,  appears 
from  fome  of  his  lafl  experiments,  in  which  he  attempted  to 
produce  eledric  appearances  from  metals,  and  from  the  reafons 
he  gives  for  his  want  of  fuccefs  in  thofe  attempts.  “  From  thefe 
“  experiments,”  he  fays,  “  I  may  fafely  conclude,  that  if  there 
<c  be  any  fuch  quality  as  light  to  be  excited  from  a  brafs  body, 
<c  unqer  the  forementioned  circumfiances,”  viz.  of  whirling  and 
rubbing,  “  all  the  attrition  of  the  feveral  bodies  I  have  ufed  for 
4<  that  purpofe,  have  been  too  weak  to  force  it  fiom  it.  And 
4t  indeed,  confidering  the  clofenefs  of  the  parts  of  metals,  and 
“  with  what  firmnefs  they  adhere,  entangle,  and  attrad  one  an- 
«  other,  a  fmall  degree  of  attrition  is  not  fufficient  to  put  their 
<t  parts  into  fuch  a  motion  as  to  produce  an  eledncal  quality , 
“  which  quality,  under  the  forementioned  circumfiances,  I  take 
ft  to  be  the  appearance  of  light  in  fuch  a  medium.” 

Considering  what  great  fuccefs  Mr.  Haukfbee  had  with 

4  Phyfico-Mechanical  Experiments,  p.  52.  f  lb.  64. 


his 


Period  II. 


OF  Mr.  HAUKSBEE. 


his  globe  of  glafs,  and  his  machine  to  give  motion  to  it,  it  is  fur- 
prifing  that  the  ufe  of  it  fhould  have  been  fo  long  difcontinued 
after  his  death.  To  this  circumftance  we  may  perhaps,  in  a  great 
meafure,  afcribe  the  flow  progrefs  that  was  afterwards  made  in 
ele&rical  difcoveries^  Mr.  Haukfbee’s  fucceflors  confined  them- 
felves  to  the  ufe  of  tubes.  I  fuppofe  becaufe  they  were  lighter, 
more  portable,  and  more  eafily  managed  in  the  experiments 
which  they  chiefly  attended  to :  but  the  ufe  of  the  globe  would 
certainly  have  put  them  much  fooner  in  the  way  of  making 
the  capital  difcoveries,  which  were  afterwards  made  in  elec¬ 
tricity. 


E 


PERIOD 


26 


THE  DISCOVERIES 


Part  E 


PERIOD  IIL 


The  experiments  and  discoveries  of  Mr.  STEPHEN: 
GREY,  WHICH  WERE  MADE  PRIOR  TO  THOSE  OF  Mon  — 
siEUR  du  Faye,  and  which  bring  the  history  oe 
Electricity  to  the  year  1733* 

s  ' 

NOTWITHSTANDING  the  important  difcoveries  of  Mr. 

Haukfbee,  and  the  promifing  appearance  they  made,  as 
an  opening  to  farther  difcoveries,  we  find,  after  him,  a  great 
chafin  in  the  hiftory  of  electricity,  an  interruption  of  difcoveries* 
and,  as  far  as  we  can  learn,  of  experiments  too,  for  the  fpace 
of  near  twenty  years ;  and  at  a  time  when  philofophical  know¬ 
ledge  of  every  other  kind  was  making  the  moil  rapid  progrefs,. 
under  the  aufpices  of  the  great  Sir  Ifaac  Newton.  But  the  atten¬ 
tion  of  this  great  man  happened  to  be  engaged  by  other  fubjeCts,, 
and  this  very  circumftance  might  be  the  reafon  why  the  attention 
of  other  philofophers  were  alfo  diverted  from  electricity. 

After  this  long  interval,  commences  a.  new  sera  in  the  hiftory 
of  eleCtricity;  in  which  we  fhall  have  the  works  of  another, 
labourer  in  this  new  field  of  philofophy  to  contemplate,  viz, 
Mr.  Stephen  Grey,  a  penfioner  at  the  Charter  Houfe.  No  per- 
fon  who  ever  applied  to  this  ftudy  was  more  afliduous  in  making 
experiments,  or  had  his  heart  more  intirely  in  the  work.  This 
will  appear  by  the  prodigious  number  of  experiments  he  made, 
and  fome  confiderable  difcoveries  with  which  his  perfeverance 
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was  crowned;  as  well  as  by  the  felf  deceptions,  to  which  his 
paffionate  fondnefs  for  new  difcoveries  expofed  him. 

Before  the  year  1728,  Mr.  Stephen  Grey  had  often  obferved, 
in  eledrical  experiments  made  with  aglafs  tube,  and  a  downfea^- 
ther  tied  to  the  end  of  a  fmall  flick,  that,  after  its  fibres  had  been 
drawn  towards  the  tube,  they  would,  upon  the  tube’s  being  with- 
diawn,  cling  to  the  flick,  as  if  it  had  been  an  eleftric  body,  or 
as  if  there  had  been  fome  ele&ricity  communicated  to  the  flick, 
or  to  the  feather.  This  put  him  upon  thinking,  whether,  if  the 
feather  were  drawn  through  his  fingers,  it  might  not  produce 
the  fame  effedl,  by  acquiring  fome  degree  of  ele&ricity.  This 
experiment  fucceeded  accordingly,  upon  his  firfl  trial ;  the  fmall 
downy  fibres  of  the  feather  being  attracted  by  his  finger,  when 
held  near  it;  and  fometimes  the  upper  part  of  the  feather  with 
its  flem  would  be  attra&ed  alfo. 

It  will  be  obvious  to  every  ele&rician,  that  the  fuccefs  of  this 
experiment  depended  upon  other  principles,  than  thofe  to  which 
he  had  a  view  in  making  it.  Proceeding*  however,  in  the 
fame  manner,  he  found  the  following  fubflances  to  be  all 
electric  ;  hair* ,  Jilk ,  linen ,  woollen,  paper,  leather ,  wood \  parch - 
ment ,  and  ox  gut  in  which  leaf  gold  had  been  beaten.  He  made 
•all  thefe  fubflances  very  warm,  and  fome  of  them  quite  hot  be¬ 
fore  he  rubbed  them.  He  found  light  emitted  in  the  dark  by 
the  filk  and  the  linen,  but  more  efpecially  by  a  piece  of  white 
pr effing  paper ,  which  is  of  the  fame  nature  with  card  paper. 
Not  only  did  this  Tub fiance, /when  made  as  hot  as  his  fingers 
could  bear,  yield  a  light;  but,  when  his  fingers  were  held  near 
it,  a  light  i ITued  from  them  alfo,  attended  with  a  crackling  noife, 
like  that  produced  by  a  glafs  tube,  though  not  at  fo  great  a  dis¬ 
tance  from  the  fingers  *. 

#  Philofophical  Tranfatfions  abridged,  Vol.  viii.  p,  9 
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The  preceding  experiments  bring  us  to  the  eve  of  a  very  con- 
fiderable  difcovery  in  electricity,  viz.  the  communication  of  that 
power  from  native  eleCtrics,  to  bodies,  in  which  it  is  not  capable 
of  being  excited;  and  alfo  to  a  more  accurate  diftindion  of  elec¬ 
trics  from  non-eleCtrics.  I  fliall  relate  the  manner  in  which  thefe 
important  difcoveries  were  made  pretty  fully,  but,  at  the  fame 
time,  as  fuccinCtly  as  poflible. 

In  the  month  of  February,  1729,  Mr.  Grey,  after  fome  fruit- 
lefs  attempts  to  make  metals  attractive,  by  heating,  rubbings 
and  hammering,  recolleCted  a  fufpicion  which  he  had  fome 
years  entertained ;  that,  as  a  tube  communicated  its  light  to 
various  bodies  when  it  was  rubbed  in  the  dark,  it  might  poflibly, 
at  the  fame  time,  communicate  an  eleCtricity  to  them,  by  which 
had  hitherto  been  underftood  only  the  power  of  attracting  light 
bodies.  For  this  purpofe  he  provided  himfelf  with  a  tube  three 
feet  five  inches  long,  and  near  one  inch  and  two  tenths  in  diame¬ 
ter;  and  to  each  end  was  fitted  a.cork,  to  keep  the  duft  out  when 
the  tube  was  not  in  ufe. 

The  firft  experiments  he  made  upon  this  occafion  were  intend¬ 
ed  to  try,  if  he  could  find  any  difference  in  its  attraction  when 
the  tube  was  flopped  at  both  ends  by  the  corks,  and  when  left 
entirely  open ;  but  he  could  perceive  no  fenfible  difference.  It 
was,  however,  in  the  courfe  of  this  experiment  that,  holding  a 
down  feather  over  againft  the  upper  end  of  the  tube,  he  found 
that  it  would  fly  to  the  cork,  being  attracted  and  repelled  by  it, 
as  well  as  by  the  tube  itfelf.  He  then  held  the  feather  over 
againft  the  flat  end  of  the  cork,  and  obferved,  that  it  was  attract¬ 
ed  and  repelled  many  times  together;  at  which,  he  fays,  he 
was  much  furprifed,  and  concluded,  that  there  was  certainly 
an  attractive  virtue  communicated  to  the  cork  by  the  excited  tube. 

He  then  fixed  an  ivory  ball  upon  a  flick  of  fir,  about  four 
inches  long;  when,  thrufting  the  other  end  into  the  cork,  he 
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found,  that  the  ball  attracted  and  repelled  the  feather,  even  with' 
more  vigour  than  the  cork  had  done,  repeating  its  attractions  and 
repuhions  many  times  fucceflively.  He  afterwards  fixed  the  ball 
upon  long  flicks,  and  upon  pieces  of  brafs  and  iron  wire,  with 
the  fame  fuccefs ;  but  he  obferved,  that  the  feather  was  never  fo 
ftrongly  attracted  by  the  wire,  though  it  were  held  very  near  the 
tube,  as  by  the  ball  at  the  end  of  it. 

When  a  wire  of  any  confiderable  length  was  ufed,  its  vibra¬ 
tions,  caufed  by  the  aCtion  of  rubbing  the  tube,  made  it  trouble- 
fome  to  manage.  This  put  Mr  Grey  upon  thinking  whether, 
if  the  ball  were  hung  to  a  packthread,  and  fufpended  by  a  loop 
on  the  tube,  the  eleClricity  would  not  be  carried  down  the  line- 
to  the  ball;  and  he  found  it  to  fucceed  according  to  his  expec¬ 
tation.  In  this  manner  he  fufpended  various  bodies  to  his  tube, 
and  found  all  of  them  to  be  capable  of  receiving  electricity  in  the 
fame  manner.  ,  * 

After  trying  thefe  experiments  with  the  Iongeft  light  canes 
and  reeds  that  he  could  conveniently  ufe,  he  afcended  a  balcony 
twenty-fix  feet  high;  and,  faftening  a  firing  to  his  tube,  he 
found,  that  the  ball,  at  the  end  of  it  would  attraCt  light  bodies 
in  the  court  below. 

He  then  afcended  to  greater  heights,  and  by  putting  his  long 
canes  in  the  end  of  his  tube,  and  faftening  a  long  firing  to  the 
end  of  the  canes,  he  contrived  to  convey  the  eleClricity  to  much 
greater  diftances  than  he  had  done  before ;  till,  being  able  to 
carry  it  no  farther  perpendicularly,  he  next  attempted  to  carry 
it  horizontally ;  and  from  thefe  attempts  arofe  a  difcovery,  of 
which  he  was  not  in  the  leaft  aware  when  he  began  them. 

In  his  firft  trial  he  made  a  loop  at  each  end  of  a  packthread, 
by  means  of  which  he  fufpended  it,  at  one  end,  on  a  nail  driven 
into  a  beam,  the  other  end  hanging  downwards.  Through  the 
loop  which  hung  down,  he  put  the  line  to  which  his  ivory  ball 
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was  fattened,  fixing  the  other  end  of  it  by  a  loop  on  his  tube ; 
fo  that  one  part  of  the  line,  along  which  the  electricity  was  to 
be  conveyed,  viz.  that  to  which  the  ball  was  fattened,  hung 
perpendicular,  the  reft  of  the  line  lay  horizontal.  After  this 
preparation,  he  put  the  leaf  brafs  under  the  ivory  ball,  and  rub¬ 
bed  the  tube,  but  not  the  leaft  fign  of  attraction  was  perceived. 
Upon  this  he  concluded,  that  when  the  eleCtric  virtue  came  to 
the  loop  of  the  packthread,  which  was  fufpended  on  the  beam, 
it  went  up  the  fame  to  the  beam ;  fo  that  none,  or  very  little, 
of  it  went  down  to  the  ball ;  and  he  could  not,  at  that  time, 
think  of  any  method  to  prevent  it. 

On  June  the  30th  1729,  Mr.  Grey  paid  avilitto  Mr.  Wheeler, 
to  give  him  a  fpecimen  of  his  experiments ;  when,  after  having 
made  them  from  the  greateft  heights  which  the  houfe  would 
admit,  Mr.  Wheeler  was  defirous  of  trying  whether  they  could 
not  carry  the  ele&ric  virtue  to  a  greater  diftance  horizontally. 
Mr.  Grey  then  told  him  of  the  fruitlefs  attempt  he  had  made  to 
convey  it  in  that  direction :  upon  which  Mr.  Wheeler  propofed 
to  fufpend  the  line  to  be  electrified  by  another  of  filk ,  inftead  of 
packthread ;  and  Mr.  Grey  told  him,  it  might  do  better,  on 
account  of  its  fmallnefs ;  as  lefs  of  the  virtue  would  probably  % 
pafs  off  by  it  than  had  done  by  the  thick  hempen  line,  which 
he  had  ufed  before.  With  this  expedient,  they  fucceeded  far 
beyond  their  expectations. 

The  firft  experiment  they  made  after  this  expedient  occur¬ 
red  to  them,  was  in  a  matted  gallery  at  Mr.  Wheeler’s  houfe, 
july  2d  1729,  about  ten  o’clock  in  the  morning,  as  Mr.  Grey, 
after  his  ufual  manner,  has  minutely  recorded  it.  About  four 
feet  from  the  end  of  the  gallery,  they  fattened  a  line  acrofs  the 
place.  The  middle  part  of  this  line  was  filk,  the  reft  pack¬ 
thread.  They  then  laid  the  line  to  which  the  ivory  ball  was 
hung,  by  which  the  eleCtric  virtue  was  to  be  conveyed  to  it  from 
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the  tube,  and  which  was  eighty  feet  and  a  half  in  length,  acrofs 
this  filken  line,  fo  that  the  ball  hung  about  nine  feet  below  it. 
The  other  end  of  the  line  was,  by  a  loop,  fattened  to  the  tube, 
which  they  excited  at  the  other  end  of  the  room.  After  this 
preparation,  they  put  the  leaf  brafs  under  the  ivory  ball,  and, 
upon  rubbing  the  tube,  it  was  attracted,  and  kept  fufpended  for 
fome  time. 

The  gallery  not  permitting  them  to  go  any  greater  lengths; 
with  a  fingle  line  of  communication,  they  contrived  to  return 
the  line,  making  the  whole  length  of  it  almoft  twice  that  of  the 
gallery,  or  about  one  hundred  and  forty-feven  feet,  which  anfwer- 
ed  very  well.  But,  fufpe&ing  that  the  attra&ion  would  be  ftrong- 
er  without  doubling  or  returning  the  line,  they  made  ufe  of  a 
line  one  hundred  and  twenty-four  feet  long,  running  in  one 
direction  in  the  barn ;  and,  as  they  expected,  they  found  the 
attraction  ftronger  than  when  the  line  had  been  returned  in  the 
gallery. 

July  the  3d,  proceeding  to  make  more  returns  of  the  line, 
the  filk  which  fupported  it  happened  to  break,  not  being  able 
to  bear  the  weight  of  it,  when  ttiaken  with  the  motion  that  was 
given  to  it  by  rubbing  the  tube.  Upon  this  they  endeavoured, 
to  fupport  it  by  a  fmall  iron  wire,  inftead  of  the  filken  firing ;  but 
this  alfo  breaking,  they  made  ufe  of  a  brafs  wire  a  little  thicker^ 
But  this  brafs  wire,  though  it  fupported  the  line  of  communica¬ 
tion  very  well,  did  not  anfwer  the  purpofe  of  thefe  young  elec¬ 
tricians  :  for,  upon  rubbing  the  tube,  no  electricity  was  perceiv¬ 
ed  at  the  end  of  the  line.  It  had  all  gone  off  by  the  brafs  wire 
which  fupported  it.  They  had  recourfe  to  brafs  wires,  as 
being  ftronger  than  their  filken  lines,  and  no  thicker;  for  the  fame 
reafon  that  they  had  before  ufed  filken  lines  in  preference  to  hem¬ 
pen  firings ;  becaufe  they  could  have  them  ftronger,  and  at  the 
fame  time  fmaller.  But  the  refult  of  this  experiment  convinced 
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them,  that  the  fuccefs  of  it  depended  upon  their  fupporting  lines 
•being  filk,  and  not,  as  they  had  imagined,  upon  their  being 
fmall.  For  the  eleCtric  virtue  went  off  as  effectually  by  the  fmall 
brafs  wire,  as  it  had  done  by  the  thick  hempen  cord. 

Being  obliged,  therefore,  to  return  to  their  filken  lines,  they 
contrived  them  to  fupport  very  great  lengths  of  the  hempen  line 
of  communication ;  and  actually  conveyed  the  eleCtric  virtue 
feven  hundred  and  fixty-five  feet,  nor  did  they  perceive  that  the 
cffeCt  was  fenfibly  diminifhed  by  the  diftance*. 

In  the  fame  manner  in  which  Jilk  was  found  to  be  a  non-con- 
duCtor,  it  is  probable  that,  about  the  fame  time,  hair,  rojin ,  glafs, 
and  perhaps  fome  other  eleCtric  fubftances  were  found  to  have  the 
fame  property,  though  the  difeovery  be  no  where  particularly 
mentioned  :  for  we  {hall  prefently  find  Mr.  Grey  making  ufe  of 
them,  to  infulate  the  bodies  which  he  electrified. 

After  this,  Mr.  Grey  and  his  friend  amufed  themfelves  with 
trying  how  large  furfaces  might  be  impregnated  with  the  eleCtric 
effluvia ;  electrifying  a  large  map,  table  cloth,  &c.  They  alfo  car¬ 
ried  the  eleCtric  virtue  feveral  ways  at  the  fame  time,  and  to  a 
confiderable  diftance  each  way. 

The  magnetic  effluvia,  they  found  did  not  in  the  leaft  inter¬ 
fere  with  the  eleCtric  ;  for  when  they  had  electrified  the  load 
ffone,  with  a  key  hanging  to  it,  they  both  attracted  leaf  brafs  like 
other  fubftances. 

Some  time  after  this,  Mr.  Wheeler,  in  the  ab fence  of  Mr. 
Grey,  electrified  a  red  hot  poker,  and  found  the  attraction  to  be 
the  fame  as  when  it  was  cold.  He  alfo  fufpended  a  live  chicken 
upon  the  tube  by  the  legs,  and  found  the  breaft  of  it  ftrongly 
eleCtrical  "f. 

*  Phil.  Tranf,  abridged,  Vol.  vii.  p.  15.  t  lb*  P* 
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In  Auguft,  1729,  Mr.  Grey  advanced  one  ftep  farther  in  his 
electrical  operations.  He  found  that  he  could  convey  the  elec¬ 
tric  virtue  from  the  tube  to  the  line  of  communication  without 
touching  it,  and  that  holding  the  excited  tube  near  it  was  fuffi- 
cient.  Repeating  his  former  experiments  with  this  variation,  in 
conjunction  with  Mr.  Wheeler,  and  among  others,  carrying  the 
eleCtric  virtue  feveral  ways  at  the  fame  time  without  touching 
the  line,  they  always  obferved,  that  the  attraction  was  ftrongeft 
at  the  place  which  was  molt  remote  from  the  tube  ;  a  faCt  which 
they  might  have  obferved,  if  they  had  attended  to  it,  in  their 
former  experiments 

Some  time  in  the  fame  month,  Mr.  Wheeler  and  Mr.  Grey  in 
conjunction  made  fome  experiments,  in  order  to  try  whether  the 
eleCtric  attraction  was  in  proportion  to  the  quantity  of  matter  in 
bodies;  and  with  this  view  they  electrified  a  folid  cube  of  oak, 
and  another  of  the  fame  dimenfions  which  was  hollow ;  but  they 
could  not  perceive  any  difference  in  their  attractive  power; 
though  it  was  Mr.  Grey’s  opinion,  that  the  eleCtric  effluvia  pair¬ 
ed  through  all  the  parts  of  the  folid cube  f.  .  ' 

On  the  13th  of  Auguft  in  the  fame  year,  Mr.  Grey  made 
another  improvement  in  his  eleCtrical  apparatus,  by  finding  that 
he  could  eleCtrify  a  rod,  as  well  as  a  thread ,  without  in¬ 
ferring  any  part  of  it  into  his  excited  tube.  He  took  a  large 
pole  twenty-feven  feet  long,  two  inches  and  one  half  in  diameter 
at  one  end,  and  one  inch  and  one  half  at  the  other.  It  was  a 
fort  of  wood  which  is  called  horfe-beach,  and  had  its  rind  on. 
This  pole  he  fufpended  horizontally  by  hair  lines,  and  at  the 
fmall  end  of  the  pole  he  hung  a  cork,  by  means  of  a  packthread 
about  one  foot  long,  and  put  a  fmall  leaden  ball  upon  the  cork, 
to  keep  the  packthread  extended.  Then  the  leaf  brafs  being 


*  Phil,  Tranf.  abridged,  Vol.  vii.  p.  17.  f  Ibid.  p.  17. 
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put  under  the  cork,  the  tube  rubbed,  and  held  near  the  larger 
end  of  the  pole,  the  cork  ball  at  the  oppofite  end  attracted  the  leaf 
brafs  ftrongly,  to  the  height  of  an  inch  or  more.  Mr.  Grey 
alfo  obferved,  that  though  the  leaf  brafs  was  attracted  by  any 
part  of  the  pole,  it  was  not  near  fo  ftrongly  as  by  the  cork  *. 

About  the  beginning  of  September,  Mr.  Grey  made  expe¬ 
riments,  to  fhew  that  the  eledtric  effluvia  might  be  carried  in 
a  circle,  as  well  as  along  lines,  and  be  communicated  from  one 
circle  to  another ;  and  alfo  that  it  might  be  done  whether  the  cir¬ 
cles  were  vertical,  or  horizontal. 

About  the  latter  end  of  autumn,  or  the  beginning  of  winter 
1729,  Mr.  Grey  refumed  his  inquiries  after  other  electrical  bodies, 
and  found  many  more  to  have  the  fame  property,  but  he  men¬ 
tions  only  the  dry  leaves  of  feveral  trees ;  from  whence  he  con¬ 
cluded,  that  the  leaves  of  all  vegetables  had  that  attractive 
virtue  -f. 

We  are  now  advanced  to  a  new  fcene  of  Mr.  Grey’s  electri¬ 
cal  experiments,  viz.  upon  fluids,  and  upon  animal  bodies.  Having 
no  other  method  of  trying  whether  any  fubftances  could  have 
the  eledtric  virtue  communicated  to  them,  but  by  making  them 
raife  light  bodies  placed  upon  a  ftand  under  them,  it  may  eafi- 
ly  be  imagined,  that  he  could  not  well  contrive  to  put  a  fluid 
body  into  that  fituation.  The  only  thing  that  Mr.  Grey  could 
do  in  this  way,  was  to  make  ufe  of  a  bubble,  in  which  form  a 
fluid  is  capable  of  being  held  in  a  ftate  of  fufpenfion.  Accord¬ 
ingly  on  March  23d  and  25th,  1730,  he  diffolved  foap  in  Thames 
water,  and  fufpending  a  tobacco  pipe,  he  blew  a  bubble  at  the 
head  of  it;  and,  bringing  the  excited  tube  near  the  fmall  end, 
he  found  the  bubble  to  attract  leaf  brafs  to  the  height  of  two, 
and  of  four  inches  J. 

*  Phil.  Tranf.  abridged,  Vo!,  vii.  p.  18.  f  Ibid  p.  19.  £  Ioid. 
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April  the  8th,  1730,  Mr.  Grey  fufpended  a  boy  on  hair  lines 
in  a  horizontal  pofttion,  juft  as  all  electricians  had,  before,  been 
ufed  to  fufpend  their  hempen  lines  of  communication,  and  their 
wooden  rods;  then,  bringing  the  excited  tube  near  his  feet,  he 
found  that  the  leaf  brafs  was  attracted  by  his  head  with  much 
vigour,  fo  as  to  rife  to  the  height  of  eight,  and  fometimes  of 
ten  inches.  When  the  leaf  brafs  was  put  under  his  feet,  and  the 
tube  brought  near  his  head,  the  attraction  was  fmall ;  and  when 
the  leaf  brafs  was  brought  under  his  head,  and  the  tube  held 
over  it,  there  was  no  attraction  at  all.  Mr.  Grey  does  not  at¬ 
tempt  to  affign  any  reafon  for  thefe  appearances.  It  was  not  till 
many  years  after  this  time,  that  the  influence  of  points  in  re¬ 
ceiving  and  emitting  the  electric  effluvia  was  obferved.  While 
the  boy  was  fufpended,  Mr.  Grey  arnufed  himfelf  with  making 
the  electricity  operate  in  feveral  parts  of  his  body,  at  the  fame 
time;  and  at  the  end  of  long  rods,  which  he  made  him  hold 
in  his  hands,  and  in  diverfifying  the  experiment  feveral  other 
ways  *. 

It  is  curious  to  obferve  the  inference  which  Mr.  Grey  makes 
from  thefe  experiments.  By  them,  fays  he,  we  fee,  that  animals 
receive  a  greater  quantity  of  eletric  fluid  than  other  bodies;  and 
that  it  may  be  conveyed  from  them  feveral  ways  at  the  fame 
time,  to  confiderable  diftances.  He  had  no  idea  that  the  bodies 
of  animals  receive  electricity  only  by  means  of  the  moifture  that 
is  in  them,  and  that  this  hempen  line  of  communication,  and 
his  wooden  rods  could  not  have  been  electrified  at  all,  if  they 
had  been  perfectly  dry. 

In  all  thefe  experiments  Mr.  Grey  obferved,  that  the  leaf  brafs 
was  attracted  to  a  much  greater  height  from  the  top  of  a  nar¬ 
row  Hand  than  from  the  table;  and,  at  leaft,  three  times  higher 
than  when  it  was  laid  on  the  floor  of  the  room. 

*  Phil,  Tranf.  abridged,  Vol.  vii.  p.  20. 
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About  this  time  Mr.  Grey  communicated  to  the  Royal  So¬ 
ciety  his  fufpicion,  that  bodies  attracted  more  or  lefs  according  to 
their  colour ,  though  the  fubftance  was  the  fame,  and  the  weight 
and  fize  equal.  He  fays,  he  found  red,  orange,  and  yellow attraCt- 
ed  at  lead:  three  or  four  times  ftronger  than  green,  blue,  or 
purple  j  but  he  forbore  communicating  a  more  particular  account 
of  them,  till  he  had  tried  a  more  accurate  method  which,  he  fays 
he  had  thought  of,  to  make  the  experiments.  The  communi¬ 
cation,  however,  was  never  made.  The  thing  itfelf  was  only 
a  deception,  as  will  be  fhewn  in  fome  fubfequent  experiments 
made  by  Monfieur  du  Fay  *. 

Mr.  Grey,  having  found  that  he  could  communicate  elec- 
ricity  to  a  bubble  of  foap  and  water,  was  encouraged  to  at¬ 
tempt  communicating  it  to  water  itfelf.  In  order  to  this,  he  elec¬ 
trified  a  wooden  difh  full  of  water,  placed  on  a  cake  of  rofin, 
or  a  pane  of  glafs,  and  obferved,  that  if  a  fmall  piece  of  thread, 
a  narrow  flip  of  thin  paper,  or  a  piece  of  flieet  glafs  was  held  over 
the  water,  in  an  horizontal  pofition,  at  the  diftanceof  an  inch  or 
fomething  more,  they  would  be  attracted  to  the  furface  of  the 
water  and  then  repelled  '  but  he  imagined  that  theie  attractions 
and  repulfions  were  not  repeated  fo  often  as  they  would  have  been, 
if  the  body  had  been  folid. 

But  he  afterwards  contrived  to  fhew  the  effeCt  of  electricity 
upon  water  in  another  and  more  effectual  manner.  As  this  ex¬ 
periment  was  very  curious  and  exhibited  an  appearance  which 
was  quite  new  to  the  electricians  of  thofe  times,  I  fhall  relate 
the  particulars  of  it  very  fully,  and  generally  in  Mr.  Grey’s  own 
words  i% 

He  filled  a  fmall  cup  with  water  higher  than  the  brim,  and 
when  he  had  held  an  excited  tube  over  it,  at  the  diftance  of 


*  Phil.Tranf.  abridged,  Vol.  vii.  p.  22.  *f-  Ibid.  p.  23. 
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about  an  inch  or  more,  he  fays,  that  if  it  were  a  large  tube,  there 
would  firfl  arife  a  little  mountain  of  water  from  the  top  of  it,  of  a 
conical  form;  from  the  vertex  of  which  there  proceeded  a  light, 
very  vifible  when  the  experiment  was  performed  in  a  dark  room, 
and  a  flapping  noife,  almoft  like  that  which  was  made  when 
the  finger  was  held  near  the  tube,  but  not  quite  fo  loud,  and  of 
a  more  flat  found.  Upon  this,  fays  he,  immediately  the  moun¬ 
tain,  if  I  may  fo  call  it,  falls  into  the  reft  of  the  water,  and  puts 
it  into  a  tremulous  and  waving  motion. 

When  he  repeated  this  Experiment  in  the  fun  fhine,  he  per¬ 
ceived  that  very  fmall  particles  of  water  were  thrown  from  the 
top  of  the  mountain ;  and  that,  fometimes,  there  would  arife 
a  fine  ftream  of  water  from  the  vertex  of  the  cone,  in  the  man¬ 
ner  of  a  fountain,  from  which  there  iffued  a  fine  fleam  or  va¬ 
pour,  whofe  particles  were  fo  fmall  as  not  to  be  feen ;  yet,  he 
fays,  he  was  certain  it  mull  be  fo ;  fince  the  under  fide  of  the 
tube  was  wet,  as  he  found  when  he  came  to  rub  it  afterwards, 
He  adds,  that  he  had  fince  found,  that  though  there  does 
not  always  arife  that  cylinder  of  water,  yet  that  there  is  always  a 
ftream  of  invifible  particles  thrown  on  the  tube,  and  fometimes 
to  that  degree  as  to  be  vifible  on  it. 

When  fome  of  the  larger  cups  were  ufed  (his  fizes  were  from 
three  fourths  to  one  tenth  of  an  inch  in  diameter)  which,  he  fays 
were  to  be  filled  as  high  as  could  be  done  without  running  over ; 
the  middle  part  of  the  furface,  which  was  flat,  would  be  depreff- 
ed,  upon  the  approach  of  the  tube,  into  a  concave,  and  the  parts 
towards  the  edge  be  railed ;  and*  that  when  the  tube  was  held 
over  againft  the  fide  of  the  water,  little  conical  protuberances  of 
water  iflueci  out  from  it  horizontally;  and,  after  the  crackling 
noife,  returned  to  the  reft  of  the  water ;  and  that  fometimes  fmall 
particles  would  be  thrown  off  from  it,  as  from  the  fmall  portions 
of  it  above  mentioned* 
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This  laft  experiment  he  repeated  with  hot  water,  and  found 
that  it  was  attracted  much  more  ftrongly,  and  at  a  much  greater 
diftance  than  before.  The  fleam  ariling  from  the  vertex  was  in 
this  cafe  vifible,  and  the  tube  was  fprinkled  with  large  drops  of 
water. 

He  tried  thefe  experiments,  in  the  fame  manner,  with  quick- 
filver,  which  was  likewife  raifed  up,  but,  by  reafon  of  its  gravity,, 
not  to  fo  great  a  height  as  the  water  :  but,  he  fays,  that  the  flap¬ 
ping  noife  was  louder,  and  lafted  much  longer  than  it  did  with 
the  water 

It  is  not  eafy  to  know  what  to  make  of  the  next  fet  of 
experiments  which  engaged  the  attention  of  Mr.  Grey,  or  how 
far  he  deceived  himfelf  in  the  refults  of  them.  He  fancied  that 
he  had  difeovered  a  j perpetual  attraElive  power  in  all  eledtric 
bodies  which  did  not  require  heating,  rubbing,  or  any  kind  of 
attrition  to  be  excited.  The  following  experiments,  he  imagined 
proved  the  difeovery. 

He  took  nineteen  different  fubffances,  which  were  either  rofin, 
gum  lac,  fhell  lac,  bees  wax,  fulphur,  pitch,  or  two  or  three  of 
thefe  differently  compounded.  Thefe  he  melted  in  a  fpherical 
iron  ladle,  except  the  fulphur,  which  was  beft  done  in  a  glafs 
veflel.  When  thefe  were  taken  out  of  the  ladle,  and  their  fpheri¬ 
cal  furfaces  hardened,  he  fays,  they  would  not  attradt  till  the 
heat  was  abated,  or  till  they  came  to  a  certain  degree  of  warmth ; 
that  then  there  was  a  fmall  attraction,  which  increafed  till  the 
fubftance  was  cold,  when  it  was  very  confiderable  f. 

The  manner  in  which  he  "preferred  thefe  fubffances  in  a  Hate 
of  attraction,  was  by  wrapping  them  in  any  thing  which  would 
keep  them  from  the  external  air.  At  lirft,  for  the  fmaller  bodies, 
he  ufed  white  paper,  and  for  the  larger  ones,  white  flannel; 

*  Phil.  Tranf.  abridged,  Vol.  vii  p.  24,  f  Ibid. 


but 


Period  III. 


O  F  Mr.  G  R  E  Y. 


39 


but  he  afterwards  found  that  black  worfted  blockings  would 
•do  as  well.  Being  thus  cloathed,  he  put  them  into  a  large 
firm  box;  where  they  remained,  till  he  had  occafion  to  make  ufe 
of  them. 

He  obferved  thefe  bodies  for  thirty  days,  and  found  that 
they  continued  to  aft  as  vigoroufiy  as  on  the  firfl  or  fecond  day ; 
and  that  they  retained  their  power  till  the  time  of  his  writing, 
when  fome  of  them  had  been  prepared  above  four  months. 

He  makes  the  moft  particular  mention  of  a  large  cone  of  ftone 
fulphur,  covered  with  a  drinking  glafs  in  which  it  was  made,* 
and  fays,  that  whenever  the  glafs  was  taken  off,  it  would  at¬ 
tract  as  ftrongly  as  the  fulphur,  which  was  kept  covered  in 
the  box.  In  fair  weather,  the  glafs  would  attract  alfo,  but  not 
fo  ftrongly  as  the  fulphur,  which  never  failed  to  attract,  let  the 
wind  or  the  weather  be  ever  fo  variable  ;  as  would  all  the  other 
bodies,  only  in  wet  weather,  the  attradion  was  not  fo  great  as 
in  fair  weather. 

He  alfo  mentions  a  cake  of  melted  fulphur,  wdiich  he  kept 
without  any  cover,  in  the  fame  place  with  the  body  abovemen- 
tioned,  and  where  the  fun  did  not  thine  upon  them;  and  fays, 
that  it  continued  to  attrad  till  the  time  of  his  writing ;  but  that 
its  attradion  was  not  one  tenth  part  of  that  of  the  cone  of  ful¬ 
phur  which  was  covered. 

These  attradions  he  tried  by  a  fine  thread  hanging  from  the 
end  of  a  flick.  He  held  the  eledric  body  in  one  hand,  and 
the  Hick  in  the  other ;  and  could  perceive  the  attradion  at  as 
great  a  diftance  as  he  could  hold  them. 

At  the  time  of  his  writing,  he  was  upon  the  fubjed  of  per¬ 
manent  eledricity  in  glafs,  but  had  not  then  completed  his 
experiments  *. 


*  Phit.  Tranf.  abridged,  Vol.  vi.  p.  27. 
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Great  light  will  ba  thrown  upon  thefe  experiments  of 
Mr.  Grey  by  feme  that  will  be  hereafter  related  of  Mr.  Wilcke, 
It  is  probable  that  the  glafs  veffel  in  thefe  experiments  waspoffeff- 
ed  of  one  elearicity,  and  the  fulphur,  &c.  of  the  other.  But 
the  two  elearicities  were  notdifcovered  till  afterwards. 

We  are  now  come  to  a  different  fet  of  eledrical  experiments, 
made  by  Mr.  Grey  and  Mr,  Wheeler  in  conjun&iori,  limilar  to. 


fome  of  Mr.  Haukfbee’s. 

In  the  firft  place,  Mr.  Grey  made  fome  experiments,  which,,, 
probably  unknown  to  him,  had  been  made  before  by  Mr. 
Boyle,  on  excited  glafs,  and  feveral  other  bodies  in  vacuo,  and 
found  that  they  would  attract  at  very  near  the  fame  diftance  as. 
in  pie  no.  To  determine  this,,  he  fufpended  the  excited  fubftance 
in  a  receiver  of  an  air-pump,  and  when.it  was  exhaufted,  he  let 
the  eleftric  down  to  a  proper  diftance  from,  fome  light  bodies, 
placed  on  a  hand  below.  The  event  was,  as  near  as  could  be 
judged,  the  fame  in  vacuo  as  in  the  open  air,  if  the  expeiiment 
was  made  in  the  fame  receiver,  and  if  the  electric  was  brought 
to  the  light  bodies  at,  the  fame  diftance  of. time  from  the  a£t  of 


excitation  *. 

About  the  latter  end  of  Auguft  1732,  Mr.  Grey  and  Mr. 
Wheeler  fufpended,  from  the  top  of  a  receiver,  a  white  thread, 
which  hung  down  to  the  middle  of  it.  Then  exhaufling  the  re¬ 
ceiver,  and  rubbing  it,  the  thread  was  attracted  vigoroufly. 
When  it  was  at  reft,  and  hung  perpendicularly,  the  excited 
tube  attracted  it;  and  when  the  tube  was  taken  away  flowly, 
the  thread  returned  to  its  perpendicular  fituation ;  but  the  tube 
being  removed  haftily,  the  thread  jumped  to  the  oppofite  fide  of 
the  receiver.  This  laft  effeft  followed,  if  the  hand  was  haftily  re* 
moved  from  the  receiver ;  and  at  firft  it  appeared,  in  both  cafes, 


*  Phil.  Tranf.  abridged,  Vol,  vi.  p,  27. 
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unaccountable  to  them;  but  upon  farther  confide  ration,  they 
concluded,  that  it  proceeded  from  the  motion  of  the  air,  made 
by  the  tube,  or  the  hand,  which,  (hook  off  the  attraction  on  that 
fide,  and  not  on  the  other  *.  They  alfo  found,  that  an  excited 
tube  would  attract  the  thread  through  another  receiver,  which 
was  put  over  that  in  which  it  was  fufpended.  And,  fomc  time 
after,  Mr.  Wheeler  found  that  the  thread  was  attracted  through 
five  receivers  put  one  over  another,  and  all  exhaufted :  he  even 
thought  that,  in  this  cafe,  the  attraction  was  rather  ftronger  than 
when  a  tingle  receiver  was  ufed.  N.  B.  The  more  effectually  to 
keep  any  thing  of  moisture  out  of  the  receivers,  v\  hich  would 
have  been  of  bad  confequence  in  this  experiment,  inftead  of 
wet  leather,  he  made  ufe  of  a  cement  made  of  wax  and  turpentine, 
which  Mr.  Boyle  ufed  in  his  experiments  ~j\ 

These  two  gentlemen, r  about  the  fame  time,  made  a  curious 
experiment  which,  they  fay,  fhewed  that  attraction  is  commu¬ 
nicated  thro5  opaque,  as  well  as  tranfparent  bodies,  not  in  vacuo. 
But  a  little  knowledge  of  metal,  as.  a  conductor  of  electricity, 
would  have  laved  them  the  trouble  they  gave  themfelves.  They 
took  a  large  hand-bell,  and  taking  out  the  clapper,  they  fuf¬ 
pended  a  cork,  befmeared  with  honey,  from  the  top  of  it;  and 
fet  it  on  apiece  of  glafs,  on  which  they  had  put  fome  leaf  brafs. 
The  excited  tube  was  then  brought  near  feveral  parts  of  the  bell ; 
and,  upon  taking  it  up,  feveral  pieces  of  leaf  brafs  were  found 
flicking  to  the  cork,  and  others  were  removed  from  the  places 
in  which  they  had  been  left,  having,  probably,  been  attracted 
by  the  bell  J. 

We  fee  by  how  fmall  fleps  advances  were  made  in  the  fcience 
of  electricity,  by  fome  experiments  made  by  Mr.  Grey,  1 6th  June 
3731,  and  which  he  has  thought  worth  recording ;  though  they 


Phil.  Tranf.  abridged,  Vol.  vii.  p.  56.  f  Ibid.  p.  97. 
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contain  hardly  any  thing  which  we  fhould  think  new,  not- 
withftanding  the  difcoveries  appeared  pretty  con (lder able  to 
him. 

He  eledrified  a  boy  ftanding  on  cakes  of  rofin,  as  ftrongly 
as  he  had  before  eledrified  him  when  fufpended  on  hair  lines. 
He  afterwards  eledrified  a  boy  fufpended  on  hair  lines,  by  means 
of  a  line  of  communication  from  another  boy  who  was  eledri¬ 
fied,  at  fome  feet  diftance  from  him.  He  varied  this  experi¬ 
ment  with  rods  and  boys  feveral  ways;  and  concluded  from  it, 
that  the  eledric  virtue  might  not  only  be  carried  from  the  tube, 
by  a  rod,  or  line,  to  diftant  bodies,  but  that  the  fame  rod,  or 
line,  would  communicate  that  virtue  to  another  rod,  or  line,  at 
a  diftance  from  it.;  and  that,  by  .this  other  rod,  or  line,  the  at¬ 
tractive  force  might  be  carried  to  fill  more  diftant  bodies.  This 
experiment  fhews  that  Mr.  Grey  had  not  properly  confidered  the 
line  of  communication,  and  the  body  eledrified  by  it,  as  one  and 
the  fame  thing,  in  an  eledrical  view,  differing  only  in  form,  as 
they  were  both  alike  condudors  of  eledricity. 

In  December  following,  Mr.  Grey  carried  this  experiment 
fomething  farther,  ,bj  conveying  eledricity  to  bodies  which 
did  not  touch  the  line  of  communication,  making  it  pafs  through 
the  center  of  hoops  ftanding  on  glafs.  One  of  his  hoops  was 
.twenty,  another  forty  inches  in  diameter  *. 

*  Phil,  Tranf.  abridged,  Vol.  vii,  p,  100. 
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TITHERTO  the  fpirit  of  electricity  feems  to  have  been 
-L  JL  confined  to  England;  but,  about  this  time,  we  find  that  it 
had  pafled  the  Teas,  and  that  ingenious  foreigners  were  ambitious 
of  diftinguifhing  themfelves,  and  acquiring  reputation  in  this 
new  field  of  glory.  Mr.  Du  Fay,  intendant  of  the  French  king’s 
gardens,  and  member  of  the  academy  of  fciences  at  Paris,  afiidu- 
oufiy  repeated  the  experiments  above-mentioned  of  Mr.  Grey, 
and  likewife  added  to  the  common  flock  many  new  ones  of 
his  own.  To  him  we  are  alfo  indebted  for  the  obfervation  of 
feveral  general  properties  of  electricity,  or  rules  concerning  the 
method  of  its  aCtion,  which  had  not  been  taken  notice  of  before, 
and  which  reduced  to  fewer  propofitions  what  had  been  difco- 
vered  concerning  it.  Thefe  experiments  were  comprifed  in  eight 
memoirs,  inferted  in  the  Hiflory  of  the  Academy  of  Sciences 
for  the  years  1733)  1734?  and  1737;  and  an  account  of  fome  of 
them  alfo  makes  an  article  in  the  Philofophical  TranfaCtions, 
dated  December  2J7,  1733.  The  firft  of  his  memoirs  contain^ 
hiflory  of  ele&ricity,  brought  down  to  the  year  1732*. 

He  found  that  all  bodies,  except  metallic,  foft,  and  fluid 
ones,  might  be  made  ele&ric,  by  firfl  heating  them,  more  or 
lefs,  and  then  rubbing  them  on  any  fort  of  cloth.  He  alfo  ex~ 


*  Dantzick  Memoirs,  Vol.  i.  p.  195. 
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cepts'thofe  fubftances  which  grow  foft  by  heat,  as  gum;  or 
which  di  (Solve  in  water,  as  glue.  He  alio  remarked,  that  the 
hardeft  hone  and  marble  required  more  chafing  and  heating  than 
other  bodies,  and  that  the  fame  rule  obtains  with  regard  to 
woods  ;  fo  that  box,  lignum  vitse,  and  other  kinds  of  very 
hard  wood  mu  ft  be  chafed  almoft  to  a  degree  of  burning;  where¬ 
as  fir,  lime-tree.,  and  cork  require  but  a  moderate  heat  *.  Among 
the  more  perfect  eleCtrics  he  enumerates  all  'vitrifications ,  the  Ve¬ 
netian  and  Mufcovite  talc ,  the  phofphorus  of  Berne ,  gypfum , 
iranf parent  felenites,  and  in  general  all  tranfparent  Jiones ,  of 
whatfoever  kind  f .  Of  falts  he  tried  only  alum ,  and  fugar 
candy ,  both  of  which  he  found  to  be  eleCtrical,  after  warming 
and  rubbing ;  and  he  fuppofed  that  all  the  reft  would  be  found  to 
have  the  fame  properties,  if  due  precautions  were  obferved  in  mak¬ 
ing  the  experiments.  He  alfo  obferved  the  electricity  of  all 
kinds  of  hair,  filk ,  wool,  and  cotton ,  and  efpecially,  what  ap¬ 
peared  to  him  very  extraordinary,  the  powerful  eledricity  of  the 
back  of  a  dog ,  and  ftill  more  that  of  a  cat  J. 

He  found  that  not  only  damp  air,  but  alfo  great  heat  was  pre¬ 
judicial  to  eledricity,  and  that  his  experiments  often  failed  in  the 
war  me  ft  hours  of  a  moderately  hot  day  §.  Alfo  when  he  heat¬ 
ed  Several  bodies,  in  order  to  excite  their  eleCtric  power,  he  found 
that  in  Some  the  hotteft,  and  in  others  the  cooleft  parts  only  were 
eledrical  ||. 

He  fays,  that,  purfuing  Mr.  Grey’s  experiments,  to  make 
water  receive  eledricity,  he  found,  that  all  bodies,  without  ex¬ 
ception,  whether  Solid  or  fluid,  were  capable  of  it,  when  they 
were  placed  on  glafs,  or  fealing-wax  Slightly  warmed,  or  only 
.dried,  and  the  excited  tube  was  brought  near  them.  He  particu- 


*  Phil.  Tranf.  abridged,  Vol.  viii-  p.  393.  +  Ac.  Par.  1733.  M.  p.  105. 

$  Ac.  Par.  1733,  M.  p.  107.  §  Dantzick  Memoirs,  Vol.  i.  p.  211. 
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larly  mentions  his  having  made  the  experiments  with  ice,  lighted 
wood,  red  hot  iron  *,  coal,  and  every  thing  that  happened  to  be 
at  hand  at  the  time ;  and  to  his  great  furprize,  remarked,  that  fuch 
bodies  as  were  of  themfelves  the  lead  electric,  had  the  greateft 
degree  of  electricity  communicated  to  them  by  the  approach  of 
the  excited  tube  f. 

To  determine  whether  the  tranfparency  of  glafs  was  the  caufe 
of  the  tranfmiffion  of  the  eleCtric  effluvia  through  that  fubftance 
(for  no  one  at  that  time  fufpecled  that  bodies  could  be  affedted  by 
electricity  through  glafs  in  confequence  of  its  being  actually  per¬ 
meable  to  the  eleCtric  matter)  he  ufed  fealing  wax,  and  found  that 
light  bodies  were  affeded  through  that  opaque  fubftance,  as 
much  as  through  glafs 

He  refutes  Mr.  Grey’s  affertion  concerning  the  different  elec¬ 
tricity  of  differently  coloured  bodies,  and  fhews  that  it  proceed¬ 
ed  not  from  the  colour  as  a  colour ,  but  from  the  fubftance  which 
was  employed  in  dying  it  §. 

In  order  to  determine  whether  fimple  colour  had  any  influence 
in  eledlricity,  he  introduced  a  beam  of  the  fun’s  light  into  a  darken¬ 
ed  room,  and  made  his  experiments  on  bodies  illuminated  with 
the  different  primitive  colours  ;  and  he  found  that,  in  no  refpedt 
whatever,  did  the  different  colours  make  any  difference  in  the 
power  of  receiving,  communicating,  or  deftroying  electricity  ||. 

Having  communicated  the  eledricity  of  the  tube,  by  means 
of  a  packthread,  after  Mr.  Grey’s  manner,  he  obferved,  that 
the  experiment  fucceeded  better  for  wetting  the  line  ;  and  taougn 
he  made  the  experiment  at  the  diftance  of  one  thoufand  two  hun¬ 
dred  and  fifty-fix  feet,  when  the  wind  was  high,  the  line  max¬ 
ing  eight  returns,  and  palling  through  two  different  walks  of  a 

f  Ac.  Par.  1733.  M.  p.  115. 

5  Ibid.  1733.  M.  p.  337.  Jl  Ibid.  p.  334. 
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garden,  that  the  eledtric  virtue  was  ftill  communicated  *.  Ele  alfa 
made  ufe  of  glafs  tubes,  fometimes  lined  with  fealing  wax,  and 
found  that  it  anfvvered  as  well  as  filk  lines,  and  was  often  more 
conveniently  applied  -f. 

Our  ingenious  electrician  varied  this  experiment  by  fiifpend- 
ing  two  cords  with  their  ends  oppofite  to  one  another,  and  found 
that  when  they  were  placed  at  no  greater  dillance  than  an  inch, 
the  electricity  was  communicated  without  any  ferdible  diminu¬ 
tion  from  the  one  to  the  other;  but  at  the  didance  of  a  foot  it 
was  hardly  fenhble.  When  the  cords  were  placed  at  the  didance^ 
of  three  inches,  he  found  that  a  lighted  candle  held  between  them* 
did  not  prevent  the  tranfmidion  of  electricity,  nor  did  the  blad  of- 
a  pair  of  bellows  f.  Bringing  wood  and  other  condudting  fub- 
dances,  fufpended  by  filk,  to  this  electrified  cord,  he  found, 
as  he  had  concluded  a  . priori ,  that  it  lod  only  part  of  its  elect¬ 
ricity;  the  whole  quantity  being  equally  didributed  between* 
them 

The  eleCtric  fpark  from  a  living  body,  which  makes  a  principal 
part  of  the  diverdon  of  gentlemen  and  ladies,  who  come  to* 
fee  experiments  in  electricity,  was  fird  obferved  by  Mr.  du  Fayy 
accompanied  at  that  time,  as  in  mod  of  his  experiments,  by  the- 
Abbe  Nollet,  who,  afterwards,  we  fhall  find,  did  himfelf  obtain 
a  diftingui  filed  name  among  electricians.  - 

Mr.  Du  Fay,  having  got  himfelf  fufpended  on  filk  lines,  as 
Mr.  Grey  had  done  the  child  mentioned  above,  obferved,  that,  as* 
icon  as  he  was  electrified,  if  another  perfon  approached  him,  and' 
brought  his  hand  within  an  inch,  or  thereabouts,  of  his  face,, 
legs,  hands,  or  cloaths,  tliere  immediately  idued  from  his  body 
one  or  more  pricking  fnoots,  attended  with  a  crackling  noife.  Hu 

fays  this  experiment  occadoned  to  the  perfon  who  brought./ 

/ 

Phil-  T:anr*  abridged,  Vol.  viii.  p.  3c$.  f  Ac.  Par*  173^.  M.  p.  34;. 
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his  hand  near  him,  as  well  as  to  hrmfelf,  a  little  pain,  refembling 
that  of  the  fudden  prick  of  a  pin,  or  the  burning  from  a  fpark  of 
fire  ;  and  that  it  was  felt  as  fenfibly  through  his  cloaths,  as  on  his 
bare  face,  or  hands.  He  alfo  obferves,  that,  in  the  dark,  thofe 
'fnappings  were  fo  many  fpar.ks  of  fire  *. 

The  AbbeNollet  fays  he  fliall  never  forget  the  furprize,  which 
the  firft  electrical  fpark  which  was  ever  drawn  from  the  human 
body  excited,  both  in  Mr.  du  Fay,  and  in  himfelf  f . 

He  fays  that  thofe  fnappings  and  fparks  were  not  excited,  if 
a  bit  of  wood,  of  cloth,  or  of  any  other  fubftance  than  a  living 
human  body,  was  brought  near  him ;  except  metal,  which  pro¬ 
duced  very  nearly  the  fame  effedt  as  the  human  body.  He  was 
not  aware,  that  it  was  owing  to  points,  or  partial  drynefs,  in  the 
fubftances  which  he  mentions,  that  they  did  not  take  a  full  and 
-ftrong  fpark.  He  feems  alfo  to  have  been  under  fome  deception, 
when  he  imagined  that  the  flefh  of  dead  animals  gave  only  an 
uniform  light,  without  any  flapping,  or  fparks 

From  this  circumftance,  however,  he,  at  that  time  conclud¬ 
ed,  that  the  bodies  of  living  animals,  (and  alfo  metals)  were 
furrounded  with  an  atmofphere  of  vapour,  which  was  actually  fet 
•on  fire  by  ele&ric  light  §. 

He  obferved,  that  a  cat  emitted  an  eledlric  fpark,  which  evi¬ 
dently  gave  her  pain,  when  the  finger  was  brought  to  any  part 
of  her  body,  after  flie  had  been  ftroked,  while  fhe  was  fitting 
on  a  filk  cufhion.  This  muft  have  appeared  very  extraordinary, 
before  it  was  known,  that  the  eledtric  matter  pafled  from  the  hand 
to  the  cat,  in  the  adl  of  rubbing  [|. 

With  the  eledtric  fparks,  he  imagined  he  could  have  fired 
inflammable  fubftances  ;  and  he  made  feveral  attempts  with  tinder 

'  *  Phil.  Tranf,  Vol.  viii.  p.  395.  Ac.  Par.  1733.  M.  p.  333. 

4-  Lemons  de  Phyfique,  Vol.  vi.  p.  408. 

J  Phil.  Tranf.  abridged,  Vol.  viii,  p.  395.  Ac.  Par.  1734.  M.  714. 

§  Dantzick  Memoirs,  Vol.  i.  p.  215,  230.  H  Ibid.  p.  216. 
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and  gunpowder,  but  without  fucceis  :  he  found  no  appearance  of 
real  fire.  This  was  a  difcovery  referved  for  the  Germans  *. 

The  two  next  capital  obfervations  of  Mr.  Du  Fay  I  fhall  repeat 
in  his  own  words,  becaufe  they  are  important  and  curious;  and 
yet  the  former  of  them  is  little  more  than  what  Otto  Guericke 
had  obferved  before  him.  44  I  difcovered,”  he  fays,  <c  a  very  fim- 
44  pie  principle,  which  accounts  for  a  great  part  of  the  irregu- 
44  larities,  and,  if  I  may  ufe  the  term,  of  the  caprices,  that  feem. 
44  to  accompany  moil  of  the  experiments  in  electricity.  This 
u  principle  is,  that  eledtric  bodies  attract  all  thofe  which  are 
“  not  fo,  and  repel  them  as  foon  as  they  are  become  cleft ric, 
44  by  the  vicinity  or  contaft;  of  the  eleCtric  body.  Thus  leaf 
44  gold  is  fi rft  attrafted  by  the  tube ;  acquires  electricity  by  ap- 
44  proaching  it,  and,  confequently,  is  immediately  repelled  by 
44  it;  nor  is  it  re-attrafted,  while  it  retains  its  eleftric  quality. 
44  But  if,  while  it  is  thus  fuflained  in  the  air,  it  chance  to  light 
44  on  fome  other  body,  it  ftraightway  lofes  its  electricity,  and 
44  confequently  is  re-attraCted  by  the  tube ;  which,  after  having 
44  given  it  a  new  electricity,  repels  it  a  fecond  time;  and  this  re- 
44  pulfion  continues  as  long  as  the  tube  keeps  its  power.  Upon 
44  applying  this  principle  to  various  experiments  of  electricity, 
44  one  will  be  furprifed  at  the  number  of  obfeure  and  puzzling. 
44  fafts  which  it  clears  up.”  By  the  help  of  this  principle,  he, 
particularly,  endeavours  to  explain  feveral  of  Mr.  Haukfbee’s 
experiments  *f\ 

44  Chance,  he  fays,  has  thrown  in  my  way  another  prin- 
<4  ciple  more  univerfal  and  remarkable  than  the  preceding  one; 
44  and  which  cads  a  new  light  upon  the  fubjeCt  of  electricity.  The 
44  principle  is,  that  there  are  two  kinds  of  eleBricity ,  very  diffe- 
44  rent  from  one  another ;  one  of  which  I  call  vitreous ,  the  other 

*  Dantzick  Memoirs,  Vol.  i.  p.  2^9.  +  Phil.  Tranf.  abridged,  Vol.  viii.  p.  396. 
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44  refinous  eleCtricity.  The  fir  ft  is  that  of  glafs,  rock-cry  ftal,  pre- 
44  cious  {tones,  hair  of  animals,  wool,  and  many  other  bodies. 
44  The  fecond  is  that  of  amber,  copal,  gum  lac,  filk,  thread, 
44  paper,  and  a  vaft  number  of  other  fubftances.  The  charaCte- 
44  ri  flics  of  thefe  two  electricities  are,  that  they  repel  themfelves, 
44  and  attract  each  other.  Thus  a  body  of  the  vitreous  eleClri- 
44  city  repels  all  other  bodies  pofiefted  of  the  vitreous,  and  on  the 
44  contrary,  attracts  all  thofe  of  the  refinous  electricity.  The 
44  refinous,  alfo,  repels  the  refinous,  and  attracts  the  vitreous. 
44  From  this  principle,  one  may  eafily  deduce  the  explanation 
44  of  a  great  number  of  other  phenomena  ;  and  it  is  probable, 
44  that  this  truth  will  lead  us  to  the  difcovery  of  many  other 
44  things 

This  very  capital  difcovery  was,  as  the  ingenious  author  ac¬ 
knowledges,  perfectly  accidental,  having  been  made  in  confe- 
quence  of  cafually  obferving  (which,  he  fays,  was  to  his  great  fur- 
prize)  that,  having  caufed  a  piece  of  leaf  gold  to  be  repelled,  and 
fufpended  in  the  air,  by  an  excited  glafs  tube,  and  meaning 
likewife  to  chafe  it  about  the  room  by  a  piece  of  excited  gum 
copal,  inftead  of  being  repelled  by  it,  as  it  was  by  the  glafs  tube, 
it  was  eagerly  attracted.  The  fame  was  the  cafe  with  fealing- 
wax*  and  the  other  fubftances  enumerated  above.  He  alfo  ob- 
ferved,  that  when  a  piece  of  leaf  gold  was  electrified  by  excited 
fealing-wax,  &c.  it  was  conftantly  attracted  by  excited  glafs,  but 
repelled  by  excited  fealing-wax,  &c.  * 

Our  ingenious  electrician  was,  however,  too  hafty  in  con¬ 
cluding,  as  he  did,  that  the  two  eleCl ricities  which  he  had  difco- 
vered  were  altogther  independent  of  the  fubftance  with  which 
the  eleCtrics  were  rubbed.  All  the  difference,  he  fays,  produced, 
by  a  change  of  the  rubber,  was  that  of  more  or  lefs  of  the  fame: 

*  Ac.  Par.  1733,  M.  p.  627. 
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kind  *.  We  (hall  find  that,  in  a  much  later  period,  the  contrary 
was  difcovered  to  be  true  by  Mr.  Canton. 

In  order  to  know,  immediately,  to  which  of  the  two  claffes 
of  eledricity  any  body  belonged,  he  made  a  filk  thi cad  eledrical, 
.and  brought  it  to  the  body,  when  it  was  excited.  If  it  repelled 
the  thread,  he  concluded  it  was  or  the  lame  eledricity  with  it, 
viz.  refinous;  if  it  attracted  it,  he  concluded  it  was  vitreous  f- 
He  had  alfo  other  ingenious  methods  to  afcertain  the  fame  thing 
He  alfo  obferved,  that  communicated  eledricity  had  the  fame 
property  as  the  excited.  *  For  having  electrified,  by  the  glais 
tube,  balls  of  wood  or  ivory;  he  found  them  to  repel  the  bodies 
which  the  tube  repelled,  and  to  attrad  thofe  which  the  tube  at- 
traded.  If  they  had  the  refinous  eledricity  communicated  to 
them,  they  obferved  the  fame  rule,  by  attracting  thofe  bodies 
which  had  the  vitreous  eledricity  communicated  to  them,  and 
repelling  thofe  which  had  received  the  refinous.  But,  he  ob- 
ferves,  the  experiment  would  not  fucceed,  if  the  bodies  were  not 
made  equally  eledrical ;  for,  if  one  of  them  was  weakly  elec- 
rical,  it  would  be  attraded  by  that  which  was  much  more  ftrong- 
ly  eledrical,  of  whatever  quality  it  was. 

Tms  difcovery  of  the  two  eledricities  was  certainly  a  capital 
one,  but  was,  notwithftanding,  left  very  imperfed  by  Mr.  Du 
Fay.  We  fhall  fee  that  Dr.  Franklin  found,  that,  in  all  proba¬ 
bility,  the  vitreous  eledricity  is  pofitive,  ora  redundancy  of  elec¬ 
tric  matter ;  and  the  refinous,  negative,  or  a  want  of  it ;  and 
that  Mr.  Canton  has  difcovered,  that  it  depends  upon  the  furface 
of  the  eledric  bodies,  and  of  the  rubber,  whether  the  eledricity 
be  pofitive  or  negative. 

The  dodrine  of  two  different  eledricities,  produced  by  ex¬ 
cising  different  fubftances,  confiderable  as  the  difcovery  of  it  was, 

*  Ac.  Par.  1733,  M.  p.  639.  f  Phil.  Tranf.  abridged,  Vol.  viii.  p.  397. 
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Teems  to  have  been  dropped  after  Mr.  Du  Fay,  and  thofe  efFeas 
afcribed  to  other  caufes  ;  which  is  an  inftance  that  fcience  Tome- 
times  goes  backwards. 

Mr.  Du  Fay  himfelf  Teems,  at  lah,  to  have  adopted  the 
opinion,  which  generally  prevailed  to  the  time  of  Dr.  Franklin ; 
that  the  two  elearicities  differed  only  in  degree,  and  that  the 
ftronger  attracted  the  weaker  :  not  confidering  that,  upon  this 
principle,  bodies  poffelTed  of  the  two  electricities  ought  to  attract 
one  another  lefs  forcibly,  than  if  one  of  them  had  not  been  electri¬ 
fied  at  all,  which  is  contrary  to  faClv 

It  will  be  Teen  that,  many  years  after,  Mr.  Kinnerfley  of 
Philadelphia,  a  friend  of  Dr.  Franklin’s,  being  at  Bofcon  in  New 
England,  made  fome  experiments-  which  again  fhewed  the  dif¬ 
ference  of  the  two  electricities. .  Fie  communicated  thofe  expe-^  . 
riments  to  Dr.  Franklin,  who  repeated  and  explained  them  *. 

Mr.  Du  Fay  was  the  firfl  perfon  who- endeavoured  to  excite 
a  tube  in  which  air  was  condenfed,  and,  to  his  great  furprize; 
found  the  attempt  ineffectual.  Sufpe&ing  this  might  be  owing  to 
moiflure,  which  he  might  have  forced  into  the  tube,  in  ufing 
his  condenfing  inhrument,  he  cemented  a  large  copper  eolipile  to 
his  tube*  and  compreffed .  the  air  in  it,  by  putting  the  eolipile 
upon  the  fire..  After  this,  he  turned  a  cock,  which  he  had 
placed  to  prevent  the  return  of  the  compreffed  air,  and  difen- 
gaged  the  tube  from  the  eolipile ;  but  he  hill  found  the  excitation 
to  be  impoffible  j\  The  Abbe  Nollet,  who  affifled  at  mo  ft  of 
this  gentleman’s  experiments,  declares  himfelf  not  fatished  even 
with  this  precaution-;  thinking  that  the  non-excitation  of  the 
tube  might  hill  be  owing  to  the  moihure,  which  always  exihs; 
in  the  air,  and  the  particles  of  which  muh  be  drawn  nearer 
together  by  condenfation  J.  In  anfwer  to  this  objection,  Mr.. 


*  See  his  Letters.  f  Ac.  Par.  1734..  M.  p.  489.. 

L  Nollet’s  Recherche?,  p.  258. 

H  2, 


Boulanger: 


P.iKT  T, 


c  i  THE  DISCOVERIES 

poulanger  fays,  that  a  final!  glafs  full  of  water  poured  into  a 
tube,  and  immediately  thrown  out  again,  will  not  deftroy  the 
excitability  of  the  glafs  near  fo  much  as  the  condenfed  air*. 

M  o  Dj  Fay  found  no  difference  in  the  excitation  of  a  glafs 
tube  whether  it  was  filed  with  warm  fand  or  not;  but  when  the 
tube  was  cool  it  was  not  fo  eafily  excited.  The  excitation  was 
more  obftruded  by  bran,  and  much  more  by  water,  warm  or 
cold  ;  though,  he  fays,  that  the  eledricity  was  not  quite  deftroy ed 
by  it  -jo 

Mr.  Da  Fay  took  a  good  deal  of  pains  to  afeertain  the  efred 
of  electricity  in  vacuo ,  hut  his  conclufion  can  hardly  be  de¬ 
pended  upon.  For,  he  fays,  that  glafs,  and  other  liibftances  poffeif- 
ed  of  the  fame  kind  of  electricity,  are  hardly  capable  of  being 
excited  in  vacuo  ;  whereas  amber ,  and  the  fubftances  of  that  clafs, 
are  excited  as  eafily,  and  as  vigoroufly  in  vacuo ,  as  in  the  open 
air.  The  vacuum  he  made  feems  to  have  been  as  good  as  can  be 
made  by  the  better  kind  of  our  air-pumps  J. 

This  philofopher  was  the  firft  who  obferved  that  eledric  fub¬ 
ftances  attrad  the  dew  more  than  condudors.  He  obferved  that 

/ 

a  glafs  veffel,  placed  on  a  metal  cup,  and  fet  in  the  open  air  all 
day,  will  often  be  wet  when  the  metal  is  dry.  S.  Beccaria  ac¬ 
counts  for  this  fad,  by  fuppoftng  that  alterations  in  the  eledri- 
city  of  the  air  eafily  produce  correfpondent  alterations  in  the  elec¬ 
tricity  of  metals,  in  which  the  eledric  fluid  moves  with  the 
utmoft  eafe,  but  not  in  glafs.  Whenever,  therefore,  the  ftate 
of  the  eledric  fluid  in  the  air  is  altered,  the  glafs  is  eledrified 
plus  or  mmus,  and  therefore  attrads  the  vapours  in  the  air  §. 

It  mu  ft  be  obferved,  that  Mr.  Granville  Wheeler,  in  the 
autumn  of  the  year  1732,  made  feveral  curious  experiments,  re- 

*  Boulanger,  p.  132.  t  Ac.  Par.  1733.  M.  p.  341. 

t  Ac.  Par.  1734.  M.  p.  489. 

§  Beccaria  del  elettricifmo  naturale  et  artificial,  p.  179. 
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fating  to  the  repuliive  force  of  ■electricity.  Thefe  he  repeated 
to  Mr.  Grey  in  the  fummer  following,  and  defigned  to  com- 
municate  them,  through  his  hands,  to  the  Royal  Society ; 
but,  deferring  the  execution  of  it  from  time  to  time,  he  was 
informed  that  Mr.  Du  Fay  had  taken  notice  of  the  fame  folution 
of  the  repul  five  force.  Upon  this  he  laid  afide  all  thoughts  of 
communicating  his  difcovery  to  the  public  ;  but,  finding  that  his 
experiments  were  different  from  thofe  of  Mr.  Du  Fay,  he  was 
perfuaded  to  publifh  them  in  the  Philofophical  TranfaCtions  for 
the  year  1739. 

The  experiments  were  made  by  threads  of  various  kinds,  and 
other  fubftances,  hanging  down  from  filk  lines,  and  generally 
made  to  repel  one  another  by  the  approach  of  an  excited  tube. 
The  refult  of  them  all  he  comprifed  in  the  three  following 
propofitions.  iff.  That  bodies  made  eledrical,  by  communica* 
tion  with  an  excited  eledric,  are  in  a  hate  of  repulfion  with  re- 
fpedt  to  fuch  excited  bodies.  2  dly.  That  two,  or  more  bodies, 
made  eledtrical  by  communicating  with  an  excited  eledric,  are  in 
a  ftate  of  repulfion  with  refpedt  to  one  another.  3 dly.  Excited 
eledrics  do  themfelves  repel  one  another  *. 

One  of  his  experiments,  to  prove  the  fecond  of  thefe  pro¬ 
pofitions,  deferves  to  be  mentioned  for  its  curiofity.  He  tied  a 
number  of  filk  threads  together,  by  a  knot  at  each  extremity ; 
when,  upon  eledrifying  them,  the  threads  repelled  one  an* 
i  other,  and  the  whole  bundle  was  fwelled  out  into  a  beauti¬ 
ful  fpherical  figure;  fo  that  he  could  with  pleafure,  he  fays, 
obferve  the  knot  at  the  bottom  rifing  upwards,  as  the  elec¬ 
tricity  and  mutual  repulfion  of  the  threads  increafed  ;  and  he 
could  not  help  imagining  his  bundle  of  filks  to  refemble  a 
bundle  of  mufcular  fibres. 

*  Phil.  Tranf.  abridged,  Vol,  viii.  p.411. 
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Bv  way  of  corollary  to  the  fame  proportion,  he  obferves, 
that  it  fuggefts,  more  plainly  than  any  other  known  experi¬ 
ment,  a  reafon  for  the  diffolution  of  bodies  in  menftrua ;  viz.„ 
that  the  particles  of  the  folvend,  having  imbibed  particles  of  the 
menftrua,  fo  as  to  be  faturated  with  them,  the  faturated  par¬ 
ticles  become  repulfive  of  one  another,  fsparate,  and  fly  to. 
pieces  *. 


*  Philofophical  Tranfadtions  abridged,  Vol,  viii.  p.  419. 
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PERIOD  V. 


i 

The  continuation  and  conclusion  op  Mr.  GREY’s 

EXPERIMENTS. 


i 


MR.  GREY,  upon  refuming  his  experiments,  expreffes 
__  great  fatisfa&ion,  that  his  former  obfervations  had  been 
confirmed  by  fo  judicious  a  philofopher  as  IVlr.  Du  Fay  *,  whoj 
he  acknowledges,  had  made  feveral  new  ones  of  his  own,  parti¬ 
cularly  that  important  luciferous  one ,  as  he  calls  it,  recited  above ; 
Which,  put  him  upon  making  the  experiments  which  follow, 
and  which  were  made  in  the  months  of  July  and  Augufl 

As  Mr.  Du  Fay  had  faid,  that  the  fnappings  and  the  fparks* 
he  had  mentioned,  were  ftrongly  excited  by  a  piece  or  metal, 
prefented  to  theperfon  fufpendedon  filk lines;  Mr.  Grey  conclud¬ 
ed,  that  if  the  perfon  and  metal  fhould  change  places,  the  effect 
would  be  the  fame.  He,  accordingly,  fufpended  feveral  pieces 
of  metal  on  filk  lines,  beginning  with  the  common  uteniils, 
which  wrere  at  hand,  as  the  poker,  tongs,  fire  fhovel,  &c.  and 
found,  that,  when  they  were  electrified,  they  gave  fparks,  in  the 
fame  manner  as  the  human  body  had  done  in  lixe  circumftances. 

.  *  Phil.  Tranf.  abridged,  Vol.  viii.  p/39?. 
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This  was  the  origin  of  metallic  conductors,  which  are  in  ufe  to 
this  clay  *. 

Mr.  Grey  did  not,  at  the  time  above-mentioned,  think  of 
making  his  experiments  in  the  dark,  in  order  to  iee  the  light 
proceeding  from  the  iron ;  not  imagining,  that  eledricity,  com¬ 
municated  to  metals  would  have  produced  fuch  furprifmg  phe¬ 
nomena,  as,  he  fays,  he  afterwards  found  it  to  do. 

Continuing  his  experiments  at  Mr.  Wheeler’s,  they  found, 
that  the  flefh  of  dead  animals  exhibited,  very  nearly,  the  fame 
appearances  as  that  of  living  animals,  contrary  to  the  affertion  of 
Mr.  Du  Fay. 

But  what  mod  furprifed  Mr.  Grey,  and  the  gentlemen  them 
prefent,  in  the  experiments  he  made  upon  that  occafion,  was 
the  phenomenon  above  referred  to,  and  what  he  nows  calls  a 
cone ,  or  pencil  of  eleClric  light ;  fuch  as  is  commonly  feen  to 
iifue  from  an  eledrified  point.  As  this  was  the  frfh  time  that  this, 
phenomenon,  which  is  now  fo  common,  was  diflindly  feen,  L 
lhall  relate  the  experiment,  of  which  it  was  the  refult,  at  large. 


*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  398. 

In  order  the  more  conveniently  to  communicate  ele&ricity  to  the  iron  bar,  Mr.  Du  Fay 
(who  adopted  the  contrivance  from  Mr.  Grey)  fattened  to  the  end  of  it  a  bundle  of  linen 
threads ,  to  which  ne  applied  his  excited  tube.  He  was  led  to  prefer  the  threat!  for  this- 
purpofe,  in  confequence  of  having  found  that,  of  the  flexible  fubftances,  nvool,  Jilk , 
cotton,  or  linen,  the  laft  was  moft  attracted  by  an  excited  eledric.  He  fufpended  them  all 
to  the  flime  bar,  and  brought  an  excited  glafs  tube  to  an  equal  diflance  from  them  all 
£t  the  fame  time,  and  obferved  that  they  were  attraSed  in  the  order  in  which  I  have  men¬ 
tioned  them,  'wool  the  leatt,  and  linen  the  moft.  Ac.  Par.  1737.  M.  p.  137.  Thefe  linen 
threads  of  Mr.  Du  Fay  kept  their  ground  in  a  much  improved  ftate  of  the  eledrical 
apparatus,  when  globes  were  fubftituted  in  the  place  of  tubes,  but  now  /mail  wires  are 

universally  ufed  in  preference  to  them. - Mr.  Du  Fay  alfo,  in  order  to  determine  what' 

me!al  vvas  the  nicft  proper  for  this  purpofe,  procured  equal  cylinders  of  gold,  filver,.. 
copper,  brafs,  lead,  iron,  and  tin,  and  having  placed  them  fo  as  to  conftitute  one  cylin¬ 
der,  he  drew  fparks  from  each  of  them  in  their  turn,  when  the  whole  was  electrified  ; 

but  he  could  not,  in  any  refpeft,  perceive  the  leatt  difference  in  them.  Ac.  Par.  1757 
M.  p.  132-  ' 
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Mr.  Grey,  and  his  friends,  provided  themfelves  with  an 
iron  rod  four  feet  long,  and  half  an  inch  in  diameter,  pointed 
at  each  end,  but  not  fharp.  Sufpending  this  iron  rod  upon 
filk  lines  in  the  night  ;  and  applying  the  excited  tube  to  one 
end  of  it,  they  perceived  not  only  a  light  upon  that  end,  but 
another  iffuing  from  the  oppolite  end,  at  the  fame  time,  i  his 
light  extended  itfelf,  in  the  form  of  a  cone,  whofe  vertex  was  at 
the  end  of  the  rod  :  and  Mr.  Grey  fays,  that  he  and  his  com¬ 
pany  could  plainly  fee,  that  it  confided  of  feparate  threads,  or 
rays  of  light,  diverging  from  the  point  of  the  rod,  the  exterior 
rays  being  incurvated.  This  light  appeared  at  every  ftroke  they 
gave  the  tube. 

They  likewife  obferved,  that  this  light  was  always  at¬ 
tended  with  a  fmall  hiding  noife,  which,  they  imagined,  began 
at  the  end  next  the  tube,  increallng  in  loudnefs  till  it  came  to 
the  oppofite  end.  He  fays,  however,  that  this  noife  could  not 
be  heard,  but  by  perfons  who  flood  near  the  rod,  and  attended 
to  it  *. 

Mr.  Grey,  repeating  thofe  experiments  in  the  September  fol¬ 
lowing,  after  his  return  to  London,  obferved  an  appearance, 
which  he  fays,  furprifed  him  very  much.  After  the  tube  had 
been  applied  to  the  iron  rod,  as  before,  when  the  light,  which 
had  been  feen  at  both  ends,  had  difappeared ;  it  was  vifible 
again  upon  bringing  his  hand  near  the  end  of  the  rod  ;  and,  upon 
repeating  this  motion  of  his  hand,  the  fame  phenomenon  appear¬ 
ed  for  five  or  fix  times  fuccefiively  ;  only  the  rays  were,  at  each 
time,  fhorter  than  the  other.  He  alfo  obferved,  that  thefe 
lights,  which  were  emitted  by  the  tube  upon  the  approach  of  Ins 
hand,  were,  like  the  others,  attended  with  a  hiffing  noife. 

*  Phi!.  Ttanf,  abridged,  Vol.  viii.  p.  398, 
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He  took  notice,  that  the  light  which  appeared  on  the  end 
next  the  tube,  when  it  was  held  oblique  to  the  axis  of  the  rod, 
had  its  rays  bending  towards  it;  and  that,  all  the  time  he  was 
rubbing  the  tube,  thofe  flafhes  of  light  appeared  upon  every  mo¬ 
tion  of  his  hand  up  or  down  the  tube,  but  that  the  largeft 
flaflies  were  produced  by  the  motion  of  his  hand  downwards*. 

When  he  ufed  two  or  three  rods,  laying  them  either  in  a 
right  line,  or  fo  as  to  make  any  angle  with  each  other,  and  ap¬ 
plied  the  tube  to  any  one  of  their  ends ;  he  obferved,  that  the 
farther  end  of  the  farthefl:  rod  exhibited  the  fame  phenomena 
as  one  Angle  rodf. 

Using  a  rod  pointed  only  at  one  end,  he  obferved',  that  the 
other  end  gave  but  one  Angle  fnap,  but  that  it  was  much  louder 
than  the  greateft  of  thofe  which  were  given  by  the  point  of  the 
rod ;  alfo  that  the  pain,  refembling  pricking  or  burnings  was 
more  ftrongly  felt,  and  that  the  light  was  brighter  and  more 
CGntraded. 

Connecting  a  pewter  plate  with  the  iron  rod,  and  Ailing  the 
plate  with  watery  he  obferved  the  fame  light,  the  fame  pufhing 
of  the  Anger,  as  he  calls  it,  and  the  fame  flapping,  as  when  the 
experiment  was  made  with  the  empty  plate.  And  when  the  ex¬ 
periment  was  made  with  water,  in  the  day-light,  it  appeared  to 
rife  in  a  little  hill,  under  the  Anger  which  was  prefented  to  it ; 
and,  after  the  flapping  noife,  fell  down  again,  putting  the  wa¬ 
ter  into  a  waving  motion  near  the  place  where  it  had  rifen. 

These  effeds  were  the  fame  with  thofe  which  he  had  before 
obferved  to  proceed  from  the  immediate  adion  of  the  tube,  but  by 
thefe  experiments,  he  fays,  he  found  (what,  no  doubt,  appear¬ 
ed  a  real  advance  in  the  fcience  to  him)  that  an  adual  flame  of 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  399'.  f  lb.  p.  400. 
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fee,  together  with  an  explofion,  and  ebullition  of  cold  water, 
might  be  produced  by  communicative  eledricity.  What  he  adds 
is  fo  remarkable,  that  I  fliall  repeat  his  own  words.  “  And  al- 
u  though  thefe  effeds  are  at  prefent  but  in  minimis ,  it  is  pro- 
«  bable,  in  time,  there  may  be  found  out  a  way  to  coiled  a 
u  greater  quantity  of  the  eledric  fire,  and  confequently  to  in- 
u  creafe  the  force  of  that  power ;  which,  by  feveral  of  thefe  ex- 
«  periments,  Ji  licet  magnis  cowponere  parva  j  feems  to  be  of 
«  the  fame  nature  with  that  of  thunder  and  lightning*.” 

How  exactly  has  this  prophecy  been  fulfilled  in  the  difcoveries 
of  the  Leyden  eledricians,  and  Dr.  Franklin  ;  the  former  hav¬ 
ing  difcovered  the  amazing  accumulation  of  the  eledric  power, 
in  what  is  called  the  Leyden  phial ;  and  the  latter  having  proved 
the  matter  of  lightning  to  be  the  very  fame  with  that  of  eledri- 
city;  though  Mr.  Grey  might  poffibly  mention  thunder  and 
lightning  only  by  way  of  common  comparifon. 

On  February  the  18th,  1735,  Mr.  Grey,  repeating  the  ex¬ 
periments  of  the  iron  rods  with  wooden  ones,  found  all  the 
effeds  to  be  fimilar,  but  much  weaker ;  as  it  is  now  well  known 
muft  have  been  the  cafe  ;  wood  being  fo  imperfed  a  condudor, 
and  only  in  proportion  to  the  moifture  it  contains. 

At  the  fame  time,  he  relates,  that  the  repeating  the  eledrifi- 
cation  of  water,  he  found,  that  the  phenomena  before  mention¬ 
ed  were  produced,  not  only  by  holding  the  tube  near  the  watei, 
but  when  it*  was  removed,  and  the  finger  afterwards  brought 
near  it  j% 

May  the  6th  of  the  fame  year,  he  again  fufpended  a  boy  on 
filk,  and  found  that  this  boy  was  able  to  communicate  fhe  cleft  ric 
fire,  firft  to  one,  and  then  to  feveral  perfons  flandiug  upon  eledric 
bodies. 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  401.  t  Ibid.  p.  402. 
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Mr.  Grey  feems  ftill  to  have  imagined,  that  eledricity  depend¬ 
ed,  in  fome  meafure,  upon  colour.  The  boy  fufpended  on 
blue  lines,  he  fays,  retained  his  power  of  attradion  fifty  mi¬ 
nutes;  on  fcarlet  lines,  twenty-five  minutes;  and  on  orange 
coloured  lines,  twenty-one  minutes.  By  thefe  experiments,  he 
fays,  we  fee  the  efficacy  of  eledricity  on  bodies  fufpended  upon 
lines  of  the  fame  fubftance,  but  of  different  colour  *. 

But  the  greateft  deception  which  this  ingenious  gentleman 
feems  to  have  lain  under,  was  occafioned  by  the  experiments  > 
which  he  made  with  balls  of  iron,  to  obferve  the  revolution  of 
light  bodies  about  them.  The  paragraph  relating  to  thefe  experi¬ 
ments,  being  the  laft  which  Mr.  Grey  wrote,  I  fhall  give  it  at 
length  as  a  curiofity. 

“  I  have  lately  made,”  fays  he,  “  feveral  new  experiments 
«  upon  the  projedile  and  pendulous1  motion  -of  imall  bodies  by 
“  eledricitv ;  by  which  fmall  bodies  may  be  made  to  move 
“  about  large  ones,  either  in  circles,  or  in  ellipfes  ;  and  thofe 
«  either  concentric,  or  eccentric  to  the  center  of  the  larger  body, 
44  about  w'hich  they  move,  fo  as  to  make  many  revolutions  about 
“  them.  And  this  motion  will  conftantly  be  the  lame  way  that 
44  the  planets  move  about  the  fun,  viz.  from  the  right  hand  to 
“  the  left,  or  from  weft  to  eaft.  But  thefe  little  planets,  if  I 
44  may  fo  call  them,  move  much  fafter  in  their  apogeon,  than  in 
44  the  perigeon  parts  of  their  orbits ;  which  is  diredly  contrary  to 
44  the  motion  of  the  planets  about  the  fun')'.” 

These  experiments  Mr.  Grey  had  thought  of  but  a  very  little 
while  before  his  laft  illnefs,  and  had  not  time  to  complete 
them  ;  but  the  progrefs  he  had  made  in  them  he  revealed,  on  the 
day  before  his  death,  to  Dr.  Mortimer,  then  fecretary  to  the 
Royal  Society.  He  faid  they  ftruck  him  with  new  furprize  every 

*  Phil.  Tranf.  abridged,  Yol.  viii,  p.  403.  p  Ibid,  p.  404. 
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time  he  repeated  them,  and  hoped  that,  if  God  would  fpare  his  life 
a  little  longer,  he  ftiould,  from  what  thefe  phenomena  pointed 
out,  bring  his  eledrical  experiments  to  the  greateft  perfection. 
He  did  not  doubt  but,  in  a  fhort  time,  he  fhould  be  able  to 
aftonifh  the  world  with  a  new  fort  of  planetarium,  never  be¬ 
fore  thought  of ;  and  that,  from  thefe  experiments,  might  be 
eftablifhed  a  certain  theory,  to  account  for  the  motions  of  the 
grand  planetarium  of  the  univerfe.  Thefe  experiments,  fallacious 
as  they  are,  deferve  to  be  briefly  recited,  together  with  thofe 
which  were  made  in  confequence  of  them  after  Mr.  Grey’s  death. 

I  fhalT  relate  them  in  Mr.  Grey’s  own  words,  as  they  were  de¬ 
livered  to  Dr.  Mortimer,  on  hrs  death-bed. 

Place  a  finall  iron  globe,  faid  he,  of  an  inch,  or  an  inch 
and  a  half  ill  diameter,  on  the  middle  of  a  circular  cake  of 
rofin,  feven  or  eight  inches  in  diameter,  gently  excited  ;  and 
then  a  light  body  fufpended  by  a  very  fine  thread,  five  or  fix 
inches  long,  held  in  the  hand  over  the  center  of  the  table,  will, 
of  itfelf,  begin  to  move  in  a  circle  round  the  iron  globe,  and 
conftantly  from  weft  to  eaft.  If  the  globe  be  placed  at  any 
diftance  from  the  center  of  the  circular  cake,  it  will  deferibe  an 
ellipfe,  which  will  have  the  fame  eccentricity,  as  the  diftance  ot 

the  globe  from  the  center  of  the  cake. 

If  the  cake  of  rofin  be  of  an  elliptical  form,  and  the  iron  globe 
be  placed  in  the  center  of  it,  the  light  body  will  deferibe  an 
elliptical  orbit,  of  the  fame  eccentricity  with  the  form  of  the 

cake.  * 

If  the  iron  globe  be  placed  in,  or  near,  one  of  the  foci  of  the 

elliptical  cake,  the  light  body  will  move  much  fwifter  in  the  apo¬ 
gee,  than  in  the  perigee  of  its  orbit. 

If  the  iron  globe  be  fixed  on  a  pedeftal,  an  inch  from  the  table, 
and  a  glafs  hoop,  or  a  portion  of  a  hollow  glafs  cylinder,  ex¬ 
cited,  be  placed  round  it;  the  light  body  will  move  as  in 
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the  circumftances  mentioned  above,  and  with  the  fame  va- 
rieties. 

He  faid,  moreover,  that  the  light  body  would  make  the 
fame  revolutions,  only  fmaller,  round  the  iron  globe  placed  oil 
the  bare  table,  without  any  electrical  body  to  fupport  it ;  but 
he  acknowledged  he  had  not  found  the -experiment  fucceed,  if 
the  thread  was  fupported  by  any  thing  but  a  human  hand  ; 
though,  he  fancied,  it  would  have  fucceeded,  it  it  had  been 
fupported  by  any  animal  fubftance,  living  or  dead  *. 

Mr,  Grey  went  on  to  recite  to  Dr.  Mortimer  other  experi¬ 
ments  hill  more  fallacious;  which,  out  of  regard  to  his  memory, 
l  {hall  forbear  to  quote.  Let  the  chimeras  of  this  great  electri¬ 
cian  teach  his  followers,  in  the  fame,  and  hill  but  newly  opened 
field  of  philofophy,  a  proper  degree  of  caution  in  their  reafonings 
from  induction.  Let  not  the  example,  however,  difcourage  any 
perfon  from  trying  what  may  appear  improbable  ;  but  let  it  in¬ 
duce  a  man  to  delay  the  publication  of  his  difcoveries,  till  they 
have  been  perfectly  afcertained,  and  performed  in  the  prefence 
of  others.  In  experiments  of  great  delicacy,  a  ftrong  imagina¬ 
tion  will  have  great  influence  even  upon  the  external  fenfes ; 
of  which  we  ..{hall  have  frequent  inftances  in  the  courfe  of  this 
hiftory. 

Dr.  Mortimer  himfelf  feems  to  have  been  deceived  by  thefe 
experiments  of  Mr.  Grey.  He  fays,  that,  in  trying  them  after 
his  death,  he  found,  that  the  light  body  would  make  revolu¬ 
tions  round  bodies  of  various  fhapes  and  fubftances,  as  well  as 
round  the  iron  globe  ;  and  that  he  had  a&ually  tried  the  ex¬ 
periment,  with  a  globe  of  black  marble,  a  filver  Aandifh,  a  {mall 
chip  box,  and  a  large  cork  j\ 


*  Phil.  Tiao f.  abridged,  Vol.  viii.  p.  404,  405.  t  Ibid.  p.  joi;. 
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These  experiments  of  Mr.  Grey  were  tried  by  Mr.  Wheeler, 
and  other  gentlemen,  at  the  Royal  Society’s  lioufe,  and  with  a 
great  variety  of  circumftances  ;  but  no  conclufion  could  be  drawn 
from  what  they  at  that  time  obferved.  Mr.  Wheeler  himfclf 
took  a  great  deal  of  pains  to  verify  them,  with  various  fuccefs ; 
and  at  laft  he  gave  it  as  his  opinion,  that  a  defire  to  produce  the 
motion  from  weft  to  eaft  was  the  fecret  caufe,  tnat  determined 
the  pendulous  body  to  move  in  that  direction,  by  means  of  fon. e 
impreflion  from  MF.  Grey’s  hand,  as  well  as  his  ownj  though 
he  was,  at  the  fame  time,  perfuaded,  that  he  was  not  lenfbie 
of  giving  any  motion  to  his  hand  himfelt  . 

Mr.  Du  Fay,  in  the  Memoirs  of  the  Academy  of  Sciences  for 
the  year.  1 737,  acknowledges  that  thefe  experiments  of  Mr.  Grey 
and  Dr.  Mortimer  did  not  fticceed  with  him.  ,  But  fays,  they  were 
the  only  ones  of  Mr.  Grey  that  had  not ;  and,  with  a  temper  be¬ 
coming  a  philofopher,  adds,  that  he  doth  not,  therefore,  lay,  that 
they  never  had  fucceeded ;  but  feems  rather  willing  to  attribute  the 
failure  with  himfelf,  to  his  omitting  fome  circumftance,  not  men¬ 
tioned  by  thofe  gentlemen,  though,  unknown  to  them,  it  might 
be.  of  principal  confequence  to  the  experiment  t-  He  was  after¬ 
wards  informed  of  the  refult  of  the  laft  experiment  in  England  on 
this  fubjed,  agreeing  with  his  own  if. 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  418.  t  Dantzick  Memoirs,  Vol.  i.  p.  226. 

X  Ac.  Par.  1737.  M.  p.  436. 
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P  E  R  I  O  D  VL 


The  experiments  of  Dr.  DESAGULIERS. 


E  are  now  come  to  the  labours  of  that  indefatigable 


vv  experimental  philofopher  Dr.  Desaguliers,  in  this 
new  field  of  fcience.  *  The  reafon  which  he  gives  why  he  had 
avoided  entertaining  the  Royal  Society  upon  this  fubjedt  be¬ 
fore,  and  why  he  had  not  purfued  it  fo  far  as  he  might  have 
done  ;  confidering,  as  he  fays,  that  he  could  excite  as  ftrong 
an  electricity  in  glafs,  by  rubbing  with  his  hand,  as  any  body 
could,  is  worth  mentioning  for  its  curiofity,  and  for  the  light 
that  it  throws  upon  the  temper  and  manner  of  Mr.  Grey.  He 
fays,  that  he  was  unwilling  to  interfere  with  the  late  Mr.  Stephen 
Grey,  who  had  wholly  turned  his  thoughts  to  eledtricity ;  but 
was  of  a  temper  to  give  it  entirely  over,  if  he  imagined  that  any 
thing  was  done  in  oppofition  to  him  *. 

Dr.  Desaguliers  begins  with  obferving  very  fenfibly  (and 
the  obfervation  is  fill  true)  that  the  phenomena  of  eledtricity  are 
fo  odd,  that,  though  we  have  a  great  many  experiments  upon 
that  fubjedt,  we  have  not  yet  been  able,  from  their  compan¬ 
ion,  to  fettle  fuch  a  theory  as  will  lead  us  to  the  caufe  of  that 
property  in  bodies,  or  even  to  judge  of  all  its  effedts,  or  find 


*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  419. 
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out  what  ufeful  influence  eledricity  has  in  nature ;  though  cer¬ 
tainly,  from  what  we  have  feen  of  it,  we  may  conjedure  that  it 
mufl  be  of  great  ufe,  becaufe  it  is  fo  extenfive. 

His  firft  experiments,  of  which  an  account  is  given  in  the  Phi- 
lofophical  Tranfadions,  dated  July,  1739,  were  made  with  a 
hempen  firing,  extended  upon  cat-gut.  To  the  end  of  the 
hempen  firing,  he  fufpended  various  fubflances ;  and  fays,  that 
all  thofe  which  he  tried,  amongfl  which  were  feveral  eleftrics  per 
fe,  as  fulphur,  glafs,  &c.  without  exception,  received  eledri- 

city  *•. 

He  changed  one  of  the  cat-gut  firings,  on  which  his  hempen 
line  of  communication  was  extended,  and  put  various  other 
fubflances  in  its  place,  to  try  what  bodies  would  tranfmit  eledri- 
city  to  the  fufpended  body,  and  what  would  not ;  and  from 
the  refult  of  his  experiments,  partly  concluded,  that  bodies  in 
which  eledricity  could  not  be  excited  intercepted  theeledric  efflu¬ 
via  ;  and  that  thofe  in  which  eledricity  could  be  excited,  did  not 
intercept  it,  but  permitted  it  to  go  on  to  the  extremity  of  the 
hempen  firing.  But  flill  he  had  no  jufl  idea,  that,  except  me¬ 
tals,  it  was  the  moiflure  in  the  bodies  he  tried  which  intercepted 
the  eledric  effluvia ;  and  his  ideas  of  the  manner  in  which  they 
were  intercepted  were  very  imperfect. 

To  Dr.  Defaguliers  we  are  indebted  for  fome  technical  terms 
which  have  been  extremely  ufeful  to  all  eledricians  to  this  day, 
and  which  will  probably  remain  in  ufe  as  long  as  the  fubjed 
is  fludied.  He  firft  applied  the  term  conduBor  to  that  body  to 
which  the  excited  tube  conveys  its  eledricity  ;  which  term 
has  fince  been  extended  to  all  bodies  that  are  capable  of  re¬ 
ceiving  that  virtue.  And  he  calls  thofe  bodies  in  which  eledricity 
may  be  excited,  by  heating  or  rubbing,  elettrics  per  fe „ 


In 
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In  the  writings  of  this  author  we  find  many  axioms  relating  ta 
electrical  experiments,  fome  of  which  are  exprefled  in  a  more 
clear,  and  diftinCt  manner  than  they  had  been  before ;  but  the 
real  improvements  which  he  made,  were  very  few  and  im¬ 
material. 

On  feveral  occafions,  and  particularly  in  a  paper  delivered  to 
the  Royal  Society,  in  the  month  of  January  174 ^e 
down,  among  others,  the  following  general  rules,  which  feem 
to  be  more  accurate  than  any  which  had  been  delivered  be¬ 
fore  upon  the  fubjeCt  *. 

a  An  eledric  per  fe  will  not  receive  electricity  from  another 
“  eleCtric  per  fe,  in  which  it  has  been  excited,  fo  as  to  run 
“  along  its  whole  length :  but  will  only  receive  it  a  little  way, 
“  being,  as  it  were,  faturated  with  it. 

“  An  eleCtric  per  fe  will  not  lofe  all  its  eleCtricity  at  once, 
“  but  only  the  eleCtricity  of  thofe  parts  near  which  a  non- 
“  eleCtric  has  been  brought.  It,  confequently,  lofes  its  eleCtricity 
“  the  fooner,  the  more  of  thofe  bodies  are  near  it.  Thus,  in  moift 
“  weather,  the  excited  tube  holds  its  virtue  but  a  little  while,  be- 
<c  caufe  it  aCts  upon  the  moift  vapours  which  float  in  the  air.. 
u  And  if  the  excited  tube  be  applied  to  leaf  gold  laid  upon  a 
<«  ftand,  it  will  aCt  upon  it  much  longer,  and  more  ftrongly, 
“  than  if  the  fame  quantity  of  leaf  gold  be  laid  upon  a  table, 
“  which  has  more  non-eleCtric  furface  than  the  ftand  JV*  This, 
however,  feems  not  to  be  the  whole  reafon  ;  for  if  the  leaf 
gold  were  laid  upon  a  broad  furface  of  glafs,  it  would  not  be  aCt- 
ed  upon  fo  powerfully,  as  if  it  were  placed  upon  a  narrow  ftand 
of  any  kind  of  matter. 

<c  A  non-electric,  when  it  has  received  eleCtricity,  lofes  it 
il  all  at  once,  upon  the  approach  of  another  non-eleCtric.”  This 

*  Phil.  Tranf.  abridged,  Vol.  via.  p.  430.  ?  i  Ibid.  p.  427. 
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however  could  only  be  the  cafe  when  the  approaching  eledric 
was  not  infulated,  but  had  a  communication  with  the  earth. 
It  muft  alfo  be  brought  into  contad  with  the  eledrified  body. 

<c  Animal  fubftances  are  non-eledrics  by  reafon  of  the  fluids 

-S  ,  ,  ,  f  f 

they  contain  f  , 

u  Excited  eledricity  exerts  itfelf  in  a  fphere  round  the 
“  eledric  per  fe,  or  rather  in  a  cylinder,  if  the  body  be  cylin- 
“  drical 

Few  of  the  many  experiments  which  were  made  by  Dr.  Defa- 
guliers  (accounts  of  which  were  publifhed  in  the  Philoiophical 
Tranfadions)  had,  as  I  obferved  before,  any  thing  new  in  them. 
Thofe  which  were  the  mod  fo  are  the  following. 

Endeavouring  to  communicate  eledricity  to  a  burning  tallow 
candle,  he  obferved,  that  the  candle  attraded  the  thread  of  trial, 
but  not  within  two  or  three  inches  of  the  flame ;  but  that,  as 
foon  as  the  candle  was  blown  out,  the  thread  was  attraded  by 
every  part  of  it,  and  even  by  the  wick,  when  the.  fire  was 
quite  extinguifhed.  He  eledrified  a  wax  candle  in  the  fame 
manner,  and  the  experiment  fucceeded  as  well,  only  the  eledri¬ 
city  came  not  fo  near  the  flame  in  the  wax,  as  in  the  tallow 

candle. 

He  fays,  that  only  warming  a  glafs  receiver,  without  any 
rubbing,  would  caufe  the  threads  of  a  down  xeathei,  tiea  to  an 
upright  fkewer  to  extend  themfelves,  as  foon  as  it  was  put  ovet 
the  feather  ;  and  that  fometimes  rofin  and  wax  would  exert  then 
eledricity  by  being  only  expofed  to  the  open  air. 

He  obferved  that  if  a  hollow  glafs  tube,  fupporting  the  line 
of  communication,  were  moiftened  by  blowing  through  it,  it  would 
intercept  the  eledricity. 

He  fays,  that  when  an  excited  tube  has  repelled  a  feather, 
it  will  attrad  it  again,  after  being  fuddenly  dipped  into  water, 

*  Phil.  Tranf.  abridged,  Voi.  viii.  p.  429.  t  P*  43 *• 
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but  in  fair  weather  it  will  not  attract  it  unlefs  it  hath  been  dip¬ 
ped  pretty  deep  into  the  water,  a  foot  of  its  length  at  leaft;- 
whereas,  in  moift  weather,  an  inch  or  two  will  fuffice  *. 

He  {hewed  the  attraction  of  water  by  an  excited  tube,  in  a 
better  manner  than  it  had  been  {hewn  before,  viz.  by  bringing 
the  tube  to  a  ftream  iffuing  from  a  condenfing  fountain  :  which,, 
thereupon,  was  evidently  bent  towards  it. 

Dr.  Desag uliers  feems  to  have  been  the  firft  who  exprefsly 
faid,  that  pure  air  might  be  ranked  amongft  eleCtrics  per  fe,  and 
that  cold  air  in  frofty  weather,  when  vapours  rife  leaft  of  all,  is 
preferable,  for  eleCtrical  purpofes,  to  warm  air  in  fummer,  when 
the  heat  raifes  the  vapours  f.  He  alfo  fuppofed  that  the  electri¬ 
city  of  the  air  was  of  the  vitreous  kind ;  and  he  accounted  for 
the  electricity  appearing  on  the  infide  only  of  an  exhaufied 
glafs  veffel,  by  its  going  where  it  met  with  the  leaft  refiftance 
from  fo  eleCtrical  a  body  as  the  air  J. 

He  endeavoured  to  account  for  the  fixing  of  air  by  the  {teams  of 
fulphur,  according  to  the  experiment  of  Dr.  Hales ;  by  fuppof- 
ing  that  the  particles  of  fulphur,  and  thofe  of  air,  being  poffeff- 
ed  of  different  kinds  of  electricity,  attracted  one  another,  where¬ 
by  their  repulfive  power  was  deftroyed.  He  alfo  propofed  the 
following  conjecture  concerning  the  rife  of  vapour.  The  air 
at  the  furface  of  water  being  eleCtrical,  particles  of  water,  he 
thought,  jumped  to  it,  then,  becoming  themfelves  eleCtrical, 
they  repelled  both  the  air  and  one  another,  and  confequently 
afcended  into  the  higher  regions  of  the  atmofphere  §. 

The  laft  paper  of  Dr.  Defaguliers  in  the  Philofophical  Tranf- 
aClions,  upon  the  fubjeCt  of  electricity,  is  dated  June  24th, 
1742,  in  which  year  he  publiflied  a  differtation  on  eleCtri- 

*  Phi!.  Tranf.  abridged,  Vol.  viii.  p.  4.29.  f  lb.  p.  437. 

t  Ibid,  p.  43^.  §  Ibid.  437. 
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city,  by  which  he  gained  the  prize  of  the  academy  at  Bour- 
deaux.  This  prize  was  a  medal  of  the  value  of  300  livres,  pro- 
pofed,  at  the  requefl  of  Monfieur  Harpez  de  la  Force,  for  the  beft 
eflay  on  electricity,  and  fhews  how  much  this  fubjeCt  engaged 
the  attention  of  philofophers  at  that  time*.  The  diflertation 
is  well  drawn  up,  and  comprifes  all  that  was  known  of  the  fub- 
jeCt  till  that  period. 

*  Dantaick  Memoirs,  Vol.  i.  p.  z6i* 
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Experiments  of  the  GERMANS,  and  of  Dr.  WATSON, 
before  the  discovery  of  the  Leyden  phial  in  the 

YEAR  I746. 


ABOUT  the  time  that  Dr.  Defaguliers  had  concluded  his 
experiments  in  England,  viz.  1742,  feveral  ingenious 
Germans  began  to  apply  themfelves  to  the  fame  ftudies  with 
great  affiduity,  and  their  labours  were  crowned  with  confiderable 
fuccefs. 

To  the  Germans  we  are  indebted  for  many  capital  improve¬ 
ments  in  our  electrical  apparatus  within  this  period,  without 
which,  the  bufinefs  would  have  gone  on  very flowly and  heavily; 
but,  by  the  help  of  their  contrivances,  we  fhall  fee  that  aftonifh- 
ing  effeCts  were  foon  produced. 

Mr.  Boze,  a  profeffor  of  philofophy  at  Wittemburgh,  fub- 
dituted  the  globe  for  the  tube,  which  had  been  ufed  ever  fmce 
the  time  of  Haukfbee*.  He  likewife  added  a  prime  condudlor , 
which  confided  of  a  tube  of  iron  or  tin,  at  fird  fupported  by 

•  According  to  other  accounts,  Chriftian  Auguftus  Haufen,  profeffor  of  mathematics 
at  Leipfic,  was  the  firft  who  revived  the  ufe  of  Haukfbee’s  glafs  globe,  and  Mr.  Boze, 
who  was  excited  to  make  experiments  in  eleUricity  by  the  example  of  Mr.  Haufen,  bor¬ 
rowed  this  capital  improvement  from  him.  Dantzick  Memoirs,  Vol.  i.  p.  278,  279* 
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a  man  {landing  upon  cakes  of  rofin,  and  afterwards  fufpended 

on  filk  horizontally  before  the  globe  *. 

To  prevent  the  tube  from  doing  any  harm  to  the  globe,  he  put 
a  bundle  of  thread  into  the  end  wThich  was  next  to  it,  and  which 
was  left  open  for  that  purpofe.  Thi&  expedient,  befldes  occafi- 
oning  various  pleafant  phenomena,  was  obierved  to  make  the  fierce 

of  the  conductor  much  ftronger  f.~ 

The  ufe  of  the  globe  was  immediately  adopted  in  the  uni- 
verfity  of  Leipfic,  where  Mr.  Winckler,  the  profelfor  of  lan¬ 
guages,  fubftituted  a  cufhion  inflead  of  the  hand,  which  had  before 
been  employed  to  excite  the  globe.  But  the  bell  rubber  for  the 
globe,  as  well  as  the  tube,  was,  long  after  this,  fill  thought, 
by  all  ele&ricians,  to  be  the  human  hand,  dry,  and  free  fiom 

moifture  J- 

Mr.  P.  Gordon,  a  Scotch  Benedidine  monk,  and  profelfor 
of  Philofophy  at  Erford,  was  the  firft  who  ufed  a  cylinder  inftead 
of  a  globe.  His  cylinders  were  eight  inches  long,  and  four 
inches  in  diameter.  They  were  made  to  turn  with  a  bow, 
and  the  whole  inftrument  was  portable.  Inftead  of  a  cake  of 
rofin,  he  infulated  by  means  of  a  frame,  furnilhed  with  net  work 

of  filk  §- 

The  apparatus,  likewife,  of  many  of  the  German  eletfricians 
was  very  'various ,  and  expenflve.  Mr.  Winckler,  in  a  paper 
read  at  the  Royal  Society,  March  21ft,  1745  II »  defcribes  a  ma¬ 
chine  for  rubbing  tubes,  and  another  for  rubbing  globes,  and 
compares  the  effects  of  them  both.  He  obferves,  that  the  fparks 
which  are  produced  from  glafs  veflels  drawn  to  and  fro  were 
larger,  and  more  vehemently  pungent,  provided  that  thole 
veflels  were  of  the  fame  magnitude  with  the  globes  5  but  that  the 

*  Hiftoire  de  Pclearicite,  p.  27.  t  Phil.  Tranf,  abridged,  Vol.  x.  p.  271. 

|  Ibid.  272.  %  Hiftoire,  p.  51.  I!  Phil.  Tranf.  abridged,  Vol.  x.  p.  *73- 
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-flux  of  effluvia  was  not  fo  conftant  as  from  the  globes.  Mr. 
Winckler  alfo  invented  a  machine,  which  he  defcribes  at  large  ia 
his  works,  by  means  of  which  he  could  give  his  globe  fix 
hundred  and  eighty  turns  in  a  minute  *  This  gentleman  like- 
wife  contrived  to  rub  glafs,  and  china  veffels,  in  the  infide ;  and 
he  fays  they  aded  as  ftrongly  on  bodies  placed  on  the  outfide  of 
them,  as  when  they  were  rubbed  on  the  outfide  j\ 

The  German  eledricians  generally  ufed  more  globes  than  one 
at  a  time,  and  imagined  they  found  the  effects  proportion- 
able,  though  this  fad  was  called  in  queftion  by  Dr.  Watfon,  and 
others  ;  and  Mr.  Nollet  preferred  globes  made  blue  with  zaffrej* 
which  were  carefully  tried,  and  rejeded  by  Dr.  Watfon  after¬ 
wards  §. 

Such  a  prodigious  power  of  eledricity  could  they  excite 
from  thefe  globes,  whirled  by  a  large  wheel,  and  rubbed  with 
woollen  cloth.,  or  a  dry  hand  (for  we  find  both  thefe  methods 
were  in  ufe  among  them  about  this  time)  that,  if  we  may  cre¬ 
dit  their  own  accounts,  the  blood  could  be  drawn  from  the 
finger  by  an  eledric  fpark;  the  fkin  would  burff,  and  a  wound 
appear,  as  if  made  by  a  cauflic.  They  fay,  that  if  feveral  globes 
01  tubes  weie  ufed,  the  motion  of  the  heart  and  arteries  of  the 
eledrified  perfon  would  be  very  fenfibly  increafed  ;  and  that,  if  a 
vien  were  opened  under  the  operation,  the  blood,  iffuing  from  it, 
would  appear  like  lucid  phofphorus,  and  run  out  fafler  than 
when  the  man  was*  not  eledrified.  Analogous  to  this  1  aft  ex¬ 
periment,  Mr.  Gordon  obferved,  that  water,  running  from  an 
artificial  fountain  eledrified,  was  fcattered  in  luminous  drops, 
that  a  larger  quantity  of  water  was  thrown  out  in  a  given  time 
than  when  the  fountain  was  not  eledrified  || ;  and  that  eledrified 

*  Hifioire,  p.  32..  f  Dantzick  Memoirs,  Vol.  i.  p.  400. 

t  In  fubfequent  trials  the  Abbe  himfelf  found  no  advantage  in  thofe  blue  globes.  Ac. 
■Par.  1745.  M.  p.  162.  & 

§  Phil.  Tranf.  abridged,  Vol.  x.  p.  418.  |]  Ibid.  p.  277. 
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water  evaporated  fatter  than  water  not  eledrifred,  when  expofed  in 
fimilar  glafs  veffels*.  Part  of  this  account  we  know  might  be 
true,  but  fome  part  mutt  have  been  exaggerated.  It  is  certain 
that  Mr.  Gordon  increafed  the  eledric  fparks  to  fuch  a  degree, 
that  they  were  felt  from  a  man’s  head  to  his  foot,  fo  that  a  per- 
fon  could  hardly  take  them  without  falling  down  with  giddU 
nefs  t>  and  fmal  1  birds  were  killed  by  them  J.  This  he  effect¬ 
ed  by  conveying  eledricity,  with  iron  wires,  to  the  diftance 
of  200  ells  from  the  place  of  excitation.  He  alfo  found  that  the 
fparks  were  ttronger  when  the  wire  was  thick  than  when  it 

was  fmall  §. 

Mr.  Waitz  made  his  glafs  tubes  ad  ttronger  by  rub- 
bing  them  with  a  waxed  cloth  and  a  little  oil.  He  alfo  found, 
that  glafs  made  with  very  little  pot-afh,  aded  much  better 
than  that  in  the  compofition  of  which  much  of  it  was  ufed ; 
but  it  required  longer  time,  and  more  heat  to  vitrify  it.  He  got 
fome  glafs  made  on  purpofe  to  afeertain  the  fad  ||. 

By  various  experiments  of  attradion  and  repulfion,  which 
Mr.  Waitz  made  in  rubbing  a  dog  (which  he  had  made  thorough¬ 
ly  dry  for  that  purpofe)  he  proved  that  the  flafhes  of  light, 
which  fometimes  appear  when  animals  are  ftroked,  aie  eledri- 
cal.  This  had  been  fuppofed,  but  was  not  accurately  afeer- 
tained  before  ^[.  It  was  this  gentleman  who  gained  the  prize 
of  50  ducats,  propofed,  in  the  year  1744,  by  the  Academy  of 
Sciences  at  Berlin,  for  the  beft  differtation  on  the  fubjed  of  elec¬ 
tricity.  It  was  publifhed  along  with  three  others,  which  were 
offered  at  the  fame  time,  and  thought  worthy  of  that  honour  **m 

The  thing  that  ftrikes  us  moft  in  their  experiments,  perform¬ 
ed  by  thefe  machines,  is  their  fetting  fire  to  inflammable  fub- 


*  Dantzick  Memoirs,  Vol.  ii.  p.  357.  f  Ibid.  p.  35^* 

%  Nollet’s  Rechercbes,  p.  172.  §  Dantzick  Memoirs,  Vol.  rl  p.  359. 

fj  Ibid.  p.  381.  IT  Ibid.  p.  385.  **  Ibid.  p.  3S0. 
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fiances.  This  they  were,  probably,  led  to  attempt,  from  ob- 
ferving  the  vivid  appearance  of  eledric  light,  the  burning  pain 
that  was  felt  by  a  fmart  {broke  from  the  condudor,  and  the 
many  analogies  the  eledric  fluid  evidently  bore  to  phofpho- 
rus  and  common  lire. 

The  firft  perfonwho  fucceeded  in  this  attempt  was  Dr.  Ludolf 
of  Berlin,  towards  the  beginning  the  year  17445  who  kindled, 
with  fparks  excited  by  the  fridion  of  a  glafs  tube,  the  etherial 
fpirit  of  Frobenius.  This  he  did  at  the  opening  of  the  Royal 
Academy,  and  in  the  prelence  of  fome  hundreds  of  perfons.  Fie 
performed  the  experiment  by  eledric  fparks  proceeding  from, 
an  iron  conductor.  Mr.  Winckler  did  the  fame  in  the  May  fol¬ 
lowing,  by  a  fpark  from  his  own  finger  5  and  kindled,  not  only 
the  highly  rectified  fpirit  above-mentioned,  but  French  brandy,, 
corn  fpirits,  and  other  fpirits  fiill  weaker,  by  previoufly  heating 
them.  He  alfo  fays,  that  oil,  pitch,  and  fealing-wax  might  be 
lighted  by  eledric  fparks,  provided  thofe  fubftances  were  firft 
heated  to  a  degree  next  to  kindling  *.  To  thefe  it  muft  be 
added,  that  Mr.  Gralath  fired  the  fmoke  of  a  candle  juft  blown 
out,  and  lighted  it  again  f  ;  and  that  Mr.  Boze  fired  gunpowder,, 
melting  it  in  a  fpoon,  and  firft  the  vapour  that  rofe  from  it. 

The  German  eledricians,  likewife,  conftruded  a  machine,, 
by  which  they  could  give  fridion  to  a  glafs  cylinder  in  vacuo.. 
By  thefe  means  they  contrived  to  eledrify  a  wire  which  terminat¬ 
ed  in  the  open  air,  and  there  fhewed  a  confiderable  eledric  power.. 
They  alfo  eledrified  that  end  which  was  in  the  open  air,  and  made 
the  other  end  which  was  in  vacuo  exert  its  eledricity  J. 

The  fame  Germans  alfo  mention  an  experiment,  which,  if 
purfued,  would  have  led  them  to  difcover,  that  the  fridion  of 
the  glafs  globe  did  not  produce,  but  only  colled:  the  eledric 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  271.  f  Dantzick  Memoir*,,  Vol.  ii.  £.43,8. 

J  Phil.  Tranf.  abridged,  Vol,  x.  p.275. 
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matter.  But  that  was  a  difcovery  referved,  as  we  fhall  find,  for 
Dr.  Watfon.  It  feems  that  both  Mr.  Boze  and  Mr.  Allamand 
had  fufpended  the  machine,  and  the  man  who  worked  it,  upon 
filk ;  and  obferved,  that,  not  only  the  conductor,  but  alfo  the 
man  and  the  machine  gave  figns  of  electricity  ;  though  they  did 
not  attend  accurately  to  all  the  circumftances  of  that  curious 
faCt,  which  did  not  at  all  anfwer  their  expectations.  For,  ima¬ 
gining  that  part  of  the  eleCtric  power  was  continually  going 
off  to  the  ground  by  the  machine,  they  fuppofed  that  the  effeCt 
of  infulating  it,  would  have  been  a  ftronger  electricity  *. 

In  this  period  it  was  that  Ludolf  the  younger  demonftrated, 
that  the  luminous  barometer  is  made  perfectly  eleCtrical  by  the 
motion  of  the  quickfilver;  firft  attracting,  and  then  repelling 
bits  of  paper,  &c.  fufpended  by  the  fide  of  the  tube,  when  it  was 
enclofed  in  another  out  of  which  the  air  was  extracted  f.  Be¬ 
fore  this  experiment,  thofe  effeCts  had  been  afcribed  to  the  air  J. 
Profeffor  Hamberger  and  Mr.  Waitz  had  difcovered  that  the  mo¬ 
tion  of  quickfilver  in  a  glafs  veflel,  out  of  which  the  air  was 
extracted,  had  the  power  of  moving  light  bodies ;  and  Mr.  Al¬ 
lamand  likewife  found,  that  it  made  no  difference  whether  the 
veflel  had  air  in  it  or  not  §. 

About  the  fame  time  alfo,  Mr.  Boze  took  a  great  deal  of 
pains  to  determine,  whether  the  weight  of  bodies  would  be 
affeCted  by  electricity,  but  he  could  not  find  that  it  was. 

The  eleCtrical  Jlar ,  made  by  turning  fwiftly  round  an  electrified 
piece  of  tin,  cut  with  points  equidiliant  from  the  center;  and 
alfo  the  eleffrical  bells ,  which  will  be  defcribed  hereafter  among 
the  furprifing  and  diverting  experiments  performed  by  the  help 
of  electricity,  were  of  German  invention  ||.  The  ftar  was  con- 

*  Wilion’s  Eflay,  preface,  p.  14.  Watfon’s  Sequel,  p.  34. 

+  Dantzick  Memoirs,  Yrol.  iii,  p.  495.  t  Hiltoire,  p.  89. 

^  Dantzick  Memoirs,  Vcl.  ii.  p.  426.  ,j|  Nollet’s  Recherches,  p.  187. 
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trived  by  Mr.  Gordon,  and  by  turning  the  points  a  little  ob¬ 
liquely,  he  was  furprifed  to  find  it  began  to  move  of  itfelf*. 
Laftly,  to  thefe  it  may  be  added,  that  Mr.  Winckler  contrived  a* 
wheel  to  move  by  electricity ;  that  Mr.  Boze  conveyed  electricity 
from  one  man  to  another  by  a  jet  of  water,  when  they  were' 
both  placed  upon  cakes  of  rofin,  at  the  diftance  of  fix  paces ;  and 
that  Mr.  Gordon  even  fired  fpirits  by  a  jet  of  water  j'. 

Mr.  Gottfried  Heinrick  Grummert,  of  Biala  in  Poland* 
made  a  curious  experiment  upon  eleCtric  light,  which,  as  we 
fhall  fee,  was  afterwards  made  and  purfued  to  great  advan¬ 
tage  by  Dr.  Watfon  and  Mr.  Canton.  In  order  to  obferve 
whether  an  exhaufted  tube  would  give  light  when  it  was  electri¬ 
fied,  as  well  as  when  it  was  excited,  he  prefented  one,  eight  inches 
long,  and  a  third  of  an  inch  wide,  to  the  electrified  con¬ 
ductor,  and  was  furprifed  to  find  the  light  dart  very  vividly 
the  whole  length  of  the  tube..  He  alfo  obferved,  that,  fome  time 
after  the  tube  had  been  prefented  to  the  conductor,  and  expofed 
to  nothing  but  the  air,  it  gave  light  again,  without  being  brought 
to  any  electrified  body.  This  light  in  vacuo  Mr.  Grummert 
propofed  to  make  ufe  of  in  mines,  and  places  where  common- 
fires,  and  other  lights  cannot  be  had,  and  for  this  purpofe  he  men¬ 
tions  feveral  methods  of  increafing  this  light  J. 

I  shall  conclude  this  account  of  the  difcoveries  of  the  Ger¬ 
man  Philofophers  in  this  period  with  a  very  curious  one  of 
profefibr  Kruger,  concerning  the  change  made  in  the  colour  of 
bodies  by  the  eleCtric  effluvia.  In  order  to  try,  whether  there 
was  any  thing  of  fulphur  in  thefe  effluvia,  he  expofed  the  red 
leaves  of  wild  poppies  to  the  eleCtric  fpark,  and  found  that 
they  were  prefently  changed  to  white.  He  was  not  able  to 
produce  any  change  in  yellow  colours,  nor  in  blue  immediately ; 

*  Dantaick  Memoirs,  Vol.  ii.  p.  317,  358.  f  Phil.  Tranf.  abridged,  Vol.  x.  p.  276. 

X  Dantzick  Memoirs,  Vol.  i.  p.  417. 
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but  found  that  when  they  had  lain  a  day  or  two,  after  being  ex- 
pofed  to  this  operation  they  became  white.  In  thefe  experiments 
the  leaves  were  fattened  with  white  wax  to  plates  of  tin  *. 

Such  a  general  attention  was  excited  to  electricity  by  thefe 
curious  difcoveries,  that,  in  the  year  1745,  eleCtrical  experiments 
were  exhibited,  in  Germany  and  Holland,  for  money,  as  a  fhow ; 
and  public  advertifements  appeared  in  the  news-papers  for  that 
purpofe  f . 

The  firing  of  the  effluvia  of  bodies,  which  was  firft  done  in 
Germany,  was  foon  after  repeated  in  England,  and  among  others 
by  Dr.  Miles  ;  who,  as  appears  by  a  paper  of  his,  read  at  the 
Royal  Society,  March  the  7th,  1745,  kindled  phofphorus  by 
the  application  of  the  excited  tube  itfelf  to  it  without  the  inter¬ 
vention  of  any  conductor  if. 

This  gentleman’s'  tube  happening  to  be  in  excellent  order  up¬ 
on  this  occafion,  he  obferved,  and  was  perhaps  the  firft  who 
obferved,  pencils  of  rays ,  which  he  calls  corrufcations ,  darting 
from  the  tube,  without  the  aid  of  any  conductor  approaching  it. 
Of  thefe  corrufcations  he  gave  a  drawing,  which  anfwers  pretty 
exaCtly  to  the  appearance  of  fuch  pencils  as  are  now  very  com¬ 
mon,  particularly  fince  Mr.  Canton  has  taught  us  the  ufe  of  the 
amalgama,  by  which  a  tube  may  be  excited  much  more 
ftrongly  than  it  could  have  been  before  §. 

But  the  moft  diftinguifhed  name  in  this  period  of  the  hiftory 
of  electricity,  is  that  of  Dr.  Watson.  He  was  one  of  the  firft 
among  the  Englifh  who  took  up,  and  improved  upon,  the  dif- 
Coveries  .made  by  the  Germans  j  and  to  his  ingenuity,  and  in- 
tenfe  application,  we  owe  many  curious  improvements  and  dif¬ 
coveries  in  eleCtricity.  His  firft  letters  to  the  Royal  Society 

*  Dantzick  Memoirs,  Vol.  iii.  p.  393.  4  Ibid.  Vol.  ii.  p.  399* 

j  Phil.  Tranf.  abridged,  Vol.  x.  p.  272.  §  Ibid.  p.  Z72. 
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on  this  fubjed  are  dated  between  March  28th,  and  Odober 

24  th,  1745- 

Dr.  Watson’s  attention  to  the  fubjed  of  eledricity  feems 
firft,  or  principally,  to  have  been  engaged  by  the  accounts  of 
the  Germans  having  fired  fpirit  of  wine  by  it.  In  this  expe¬ 
riment  he  fucceeded  ;  and,  moreover,  found  that  he  was  able  to 
fire,  not  only  the  ethereal  fpirit  of  Frobenius,  and  redified  fpirit 

of  wine,  but  even  common  proof  fpirit.  He  alfo  fired  air  made 

«  .... 

inflammable  by  a  chemical  procefs  *.  I~Ie  even  fired  both  fpirit 
of  wine,  and  inflammable  air,  by  a  drop  of  cold  water,  thickened 
with  a  mucilage  made  with  the  feed  of  flea-wort,  and  even  with 
ice  ‘f-.  He  alfo  fired  thefe  fubflances  with  a  hot  poker  eledri- 
fied,  when  it  would  not  fire  them  in  any  other  flate  J.  He 
fired  gunpowder  and  difcharged  a  mufket  by  the  power  of  elec¬ 
tricity,  when  the  gunpowder  had  been  ground  with  a  little 
camphor,  or  a  few  drops  of  fome  inflammable  chemical  oil  §f 
Laftly,  it  was  a  difcovery  of  Dr.  Watfon’s,  that  thefe  fubflances 
were  capable  of  being  fired  by  what  he  calls  the  repulfme 
power  of  electricity  ;  which  was  performed  by  the  eledrified 
perfon  holding  the  fpoon  which  contained  the  fubftance  to  be 
fired,  and  another  perfon,  not  eledrified,  bringing  his  finger  to 
it  ||,  Before  this  time,  the  fubftance  to  be  fired  had  always 
been  held  by  a  perfon  not  eledrified. 

In  his  attempts  to  fire  eledrics  per  fe,  as  turpentine,  and  bal- 
fam  of  capivi,  by  this  repulfive  power,  he  thought  he  con¬ 
futed  an  opinion  which  had  prevailed  among  many  perfons,  that 
eledricity  only  floated  on  the  furfaces  of  bodies,  for  he  found 
that  the  fume  of  thefe  fubflances  could  not  be  fired  by  a  fpark 
fetched  from  the  fpoon  which  contained  them.  This  fpark 
muft  therefore  pafs  through  the  eledric,  from  the .  furface 


•  Phil.  Tranf.  abridged,  Vol.  x.  p.  286. 

I  Ibid.  p.  288.  §  Ibid,  p.  289. 


f  lb.  p.  290. 

1}  Ibid.  p.  281. 
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of  the  fpoon  below,  which  was  in  contad  with  the  eledrified 
condudor. 

Electrifying  a  number  of  pieces  of  fine  fpun  glafs,  and 
other  pieces  of  wire,  of  the  fame  length  and  thicknefs,  he  was 
agreeably  amufed  by  obferving,  that  the  threads  of  glafs  jump¬ 
ed  to  the  eledrified  body,  and  adhered  to  it  without  any  tap¬ 
ping  ;  whereas  the  wires  jumped  up  and  down  very  fall,  giving 
a  fnap,  and  a  fmall  flame,  every  time  *, 

In  a  paper  read  at  the  Royal  Society,  February  6th,  1746,  he 
obferved,  that  eledric  fparks  appeared  different  in  colour  and 
form,  according  to  the  fubftanees  from  which  they  proceeded  ; 
that  the  fire  appeared  much  redder  from  rough  bodies,  as  rufty 
iron,  &c.  than  from  polifhed  bodies,  though  they  were  ever  fa 
fharp,  as  from  polifhed  fciflars,  &c.  He  judged  that  the  diffe¬ 
rent  appearance  was  owing  rather  to  the  different  refledion  Oi 
the  eledric  light  "from  the  furface  of  the  bodies  from  which  it 
was  emitted,  than  to  any  difference  in  the  fire  itfelf  f. 

He  alfo  obferved,  that  eledricity  fuffered  no  refradion  in 
pervading  glafs ;  having  found,  by  exad  obfervations,  that  its 
diredion  was  always  in  right  lines,  even  through  glafles  of  dif¬ 
ferent  forms,  included  one  within  another,  and  large  fpaces 
left  between  each  glafs  £ ;  that  if  books  or  other  non-elec¬ 
trics  were  laid  upon  glafs  and  interpofed  between  the  excited 
eledric  and  light  bodies,  the  diredion  of  the  virtue  was  ftill  in 
right  lines,  and  feemed  inftantly  to  pafs  through  both  the  books 
and  the  glafs.  In  thefe  experiments  be  confiantly  obferved, 
that  the  eledric  attradion  through  glafs  was<  much  more 
powerful  when  the  glafs  was  made  warm  than  when  it  was 
cold  §.  He  fometimes  found  eledricity  to  pervade,  though  in 
fmall  quantities,  eledrics  of  above  four  inches  thick  ||. .  • 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  286.  f  Ibid.  p.  290. 

J  Ibid.  p.  291 .  §  Ibid.  p.  292.  U  Ibid.  p.  29^. 
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He  fays,  that  in  electrifying  fub fiances  of  great  extent,  the 
attractive  power  was  firfl  obferved  at  that  part  of  it  which  was 
mofl  remote  from  the  excited  eleCtric. 

H  e  made  fome  experiments  which  fhowed,  that  the  fire  of  elec¬ 
tricity  was  affeCted,  neither  by  the  prefence,  nor  the  abfence  of 
other  fire.  One  of  his  experiments  was  made  with  a  chemical 
mixture,  thirty  degrees  below  the  freezing  point  of  Fahrenheit’s 
thermometer  ;  from  which,  when  electrified,  the  flafhes  were  as 
powerful,  and  the  ftrokes  as  fmart,  as  from  red  hot  iron  *. 

In  a  fequel  to  the  above  experiments,  read  the  30th  of  OCtober 
1746,  Dr.  Watfon  mentions  his  having  lined  a  glafs  globe  to  a 
confiderable  thicknefs  with  a  mixture  of  wax  and  rofin;  but  he 
found  no  difference  between  that  and  the  other  globes  f. 

He  alfo  made  various  experiments  with  a  number  of  globes, 
whirled  at  the  fame  time,  and  having  one  common  conductor ; 
and  concluded  from  them,  that  the  power  of  ele&ricity  was  in- 
creafed  by  the  number  and  fize  of  the  globes,  to  a  certain  de¬ 
gree,  but  by  no  means  in  proportion  to  their  number  and  fize. 
Yet  the  DoCtor  allows  a  very  great  increafe,  in  an  inference  he 
makes  from  thefe  very  experiments.  As  bodies  to  be  electrified, 
he  fays,  will  only  contain  a  certain  quantity  of  eleCtricity ; 
when  that  quantity  is  acquired,  which  is  fooneji  done  by  a  num - 
her  of  globes ,  the  furcharge  is  diflipated  as  faff  as  it  is  excited. 
So  that,  it  is  plain,  more  fire  was  collected  by  the  number  of 
globes,  though  the  form  of  the  conductor  he  made  ufe  of  was 
fuch  as  could  not  retain  it.  The  great  power  of  his  four  globes 
united,  is  manifeft  from  his  own  account  of  them.  For,  he  fays, 
that  when  two  pewter  plates  were  held,  one  in  the  hand  of  an 
eleCtrified  perfon,  and  the  other  in  the  hand  of  one  who  flood  upon 
the  floor ;  the  flafhes  of  pure  and  bright  flame  were  fo  large. 


*  Phil.  Tran f.  abridged,  Vol,  x.  p,  293. 
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and  fucceeded  each  other  fo  fah,  that,  when  the  room  was  dark¬ 
ened,  he  could  dihindly  fee  the  faces  of  thirteen  perfons  who 
hood  round  the  room  *. 

Lastly,  the  Dodor  found,  that  the  fmoke  of  original  eledrics 
was  a  condudor  of  eledricity,  and  alfo  that  flame  would  con- 
dud  the  whole  of  it  undiminifhed  ;  by  obferving  that  two  per¬ 
fons,  handing  upon  eledrics,  could  communicate  the  virtue  to 
each  other,  with  nothing  interpofed  but  the  fmoke  in  the  one 
cafe,  and  flame  in  the  other  j\ 

It  was  in  this  period  that  Mr.  Du  Tour  difcovered  that  flame 
would  dehroy  eledricity;  as  he  informed  the  Abbe  Nollet,  in 
a  letter  dated  2  lh  Auguft  174 5.  The  fame  was  alfo  difcovered . 
by  Mr.  Waitz. 

A  A  G  1  .  .) 

*■  Phil.  Tranf.  abridged,  Vol.  x»  p.  295,  f  Ibid.  p.  296. 
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PERIOD  VIII. 


The  history  op  electricity,  from  the  discovery  of 
the  Leyden  phial  in  the  years  1745  and  1746,  to 
Dr.  FRANKLIN’s  discoveries; 


SECTION  I. 


The  history  of  the  LEYDEN  PHIAL  itself,  till  Dr. 
.FRANKLIN’s  discoveries  relating  to  it. 


^  |  '  HE  end  of  the  year  1745,  and  the  beginning  of  1746  were 
JL  famous  for  the  moft  furprifing  difcovery  that  has  yet 
been  made  in  the  whole  bufinefs  of  electricity,  which  was  the 
wonderful  accumulation  of  its  power  in  glafs,  called  at  firft 
the  Leyden  phial;  becaufe  made  by  Mr.  Cuneus  a  native  of 
Leyden,  as  he  was  repeating  fome  experiments  which  he  had 
feen  with  Meffrs.  Mufchenbroeck,  and  Allamand,  profelfors  in 
the  univerfity  of  that  city  *.  But  the  perfon  who  frit  made  this 
great  difcovery,  was  Mr.  Von  Kleift,  dean  of  the  cathedral  in 
Camin ;  who,  on  the  4th  of  November  1745,  fent  an  account  of 
it  to  Dr.  Lieberkuhn  at  Berlin.  This  account,  as  taken  by 

*  Dalibard’s  Hiltoirc  abrigee,  p.  33. 
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Mr.  Gralath  out  of  the  regifter  of  the  academy  at  Berlin,  to 
which  it  had  been  communicated,  is  as  follows.  44  When  a 
44  nail,  or  a  piece  of  thick  brafs  wire,  &c.  is  put  into  a  final! 

44  apothecary’s  phial  and  ele&rified,  remarkable  effects  follow  : 

44  but  the  phial  mud;  be  very  dry,  or  warm.  I  commonly  rub 
44  it  over  before-hand  with  a  finger,  on  which  I  put  fome  pound- 
44  ed  chalk.  If  a  little  mercury  or  a  few  drops  of  ipirit  of 
44  wine,  be  put  into  it,  the  experiment  fucceeds  the  better.  As 
44  foon  as  this  phial  and  nail  are  removed  from  the  eTe&rifying 
“  glafs,  or  the  prime  conductor,  to  which  it  hath  been  expof- 
44  ed,  is  taken  away,  it  throws  out  a  pencil  of  flame  fo  long, 
44  that,  with  this  burning  machine  in  my  hand,  I  have  taken 
44  above  fixty  fieps,  in  walking  about  my  room.  When  it  is 
44  ele&rified  ftrongly,  I  can  take  it  into  another  room,  and  there 
44  fire  fpirits  of  wine  with  it.  If  while  it  is  eleClrifying,  I  put 
44  my  finger,  or  a  piece  of  gold,  which  I  hold  in  my  hand, 
44  to  the  nail,  I  receive  a  flicck  which  ftuns  my  arms  and 
44  fhoulders. 

M  A  tin  tube,  or  a  man,  placed  upon  eleClrics,  is  electrified 
44  much  flronger  by  this  means  than  in  the  common  way.  When 
44  I  prefent  this  phial  and  nail  to  a  tin  tube,  which  I  have,  fif- 
44  teen  feet  long,  nothing  but  experience  can  make  a  perfon  believe 
44  how  firongly  it  is  electrified.  I  am  perfuaded,  he  adds,  that, 
44  in  this  manner,  Mr.  Boze  would  not  have  taken  a  fecond 
44  eleCtrical  kifs.  Two  thin  glafles  have  been  broken  by  the 
44  fhock  of  it.  It  appears  to  me  very  extraordinary,  that  when 
“  this  phial  and  nail  are  in  contaCt  with  either  conducting  or 
44  non-conduCting  matter,  the  ftrong  fhock  does  not  follow. 
<c  I  have  cemented  it  to  wood,  metal,  glafs,  fealing-wax,  &c. 
44  when  I  have  electrified  without  any  great  effeCt.  The  human 
44  body,  therefore,  mull  contribute  fomething  to  it*  This 
44  opinion  is  confirmed  by  my  obferving,  that,  unlei's  I 

M  2  44  hokl 
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“  hold  the  phial  in  my  hand,  I  cannot  fire  fpirits  of  wine 
“  with  it  *  ” 

Notwithstanding  Mr.  Kleift  immediately  communicat¬ 
ed  an  account  of  this  famous  experiment  (which  indeed  it  is  evi¬ 
dent  he  has  but  impel feflly  deferibed)  to  Mr.  Winckler  at  Leip- 
f  ck,  Mr.  Swiettiki  of  Dantzick,  Mr.  Kruger  of  Hall,  and  to  the 
profeflors  of  the  academy  of  Lignitz,  as  well  as  to  Dr.  Lieber- 
kuhn  of  Berlin  above  mentioned,  they  all  returned  him  word, 
that  the  experiment  did  not  fucceed  with  them.  Mr.  Gralath  of 
Dantzick,  was  the  farft  with  whom  it  anfwered  ;  but  this  was 
not  till  after  feveral  fruitlefs  trials,  and  receiving  farther  in- 
ftru&ions  from  the  inventory. 

The  Abbe  Nollet  had  information  of  this  difeovery,  and,  in 
confequence  of  it,  fays,  in  a  letter  to  Mr.  Samuel  Wolfe,  of  the 
Society  of  Dantzick,  dated  March  9th,  1746,  that  the  expe¬ 
riment  at  Le)  den  was  upon  principles  fimilar  to  this  made  with 
a  phial  half  full  of  water,  and  a  nail  dipped  in  it;  and  that  this 
difeovery  would  have  been  called  the  Dantzick  experiment,  if 
it  had  not  happened  to  have  got  the  name  of  that  of  Leyden  J. 

The  views  which  led  to  this  difeovery  in  Holland  were,  as  I 
have  been  informed,  as  follows.  Profeflor  Mufchcnbroeck  and 
-his  friends,  obferving  that  electrified  bodies,  expofed  to  the  com¬ 
mon  atmofphere,  which  is  always  replete  with  conducing  par¬ 
ticles  ox  vaiious  kinds,  foon  loft  their  eleflricity,  and  were  capable 
of  retaining  but  a  final!  quantity  of  it,  imagined,  that,  were 
The  eledtrified  bodies  terminated  on  all  hides  by  original  ele&rics, 
they  might  be  capable  of  receiving  a  ftrongcr  power,  and  re¬ 
taining  it  a  longer  time.  Glafs  being  the  moft  convenient  elec¬ 
tric  foi  this  purpofe,  and  water  the  moft  convenient  non-ele&ric, 
they  fir  ft  made  thefe  experiments  with  water,  in  glafs  bottles; 


Dantzick  Memoirs,  Vol  i.  p.  407. 


4.  Ibid.  p.  409. 
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but  no  confiderable  difcovery  was  made,  till  Mr.  Cuneus,  hap-* 
pening  to  hold  his  glafs  vefiel  in  one  hand,  containing  water, 
which  had  a  communication  with  the  prime  condmdor,  by  means 
of  a  wire;  and,  with  the  other  hand,  difengaging  it  from 
the  condudor  (when  he  imagined  the  water -had  received  as  much 
Cledricity  as  the  machine  could  give  it)  was  furprifed  by  a  hid¬ 
den  {hock  in  his  arms  and  bread,  which  he  had  not  in  the  lead 
expeded  from  the  experiment. 

Mr.  Allamand  and  Mr.  Mufchenbroeck  were  the  firft  who 
repeated  and  publiftied  an  account  of  this  experiment  in  Hol¬ 
land,  the  Abbe  Nollet  and  Monfieur  Monnier  in  France,  and 
'Meffrs.  Gralath  and  Rugger  in  Germany  * 

It  is  extremely  curious  to  obferve  the  de'fcriptions  which  phi- 
lofophers,  who  firft  felt  the  eledrical  fnock,  give  of  it;  efpeci- 
ally  as  wrn  are  fure  we  can  give  ourfelves  the  fame  fenfation,  and 
thereby  compare  their  deferiptions  with  the  reality.  Terror  and 
furprize  certainly  contributed  not  a  little  to  the  exaggerated  ac¬ 
counts  they  gave  of  it ;  and,  could  we  not  have  repeated  the  ex¬ 
periment,  we  fhould  have  formed  a  very  different  idea  of  it  from 
what  it  really  is,  even  when  given  in  greater  ftrength  than 
thofe  who  firft  felt  this  eledrical  {hock  were  able  to  give  it.  It 
will  amufe  my  readers  if  I  give  them  an  example  or  two. 

Mr.  Muschenbroeck,  who  tried  the  experiment  with  a  very 
thin  glafs  bowl,  fays,  in  a  letter  to  Mr.  Reaumur,  wdfich  he 
wrote  foon  after  the  experiment,  that  lie  felt  himfelf  ftruck 
in  his  arms,  fhoulder,  and  breaft,  fo  that  he  loft  his  breath, 
and  wras  two  days  before  he  recovered  from  the  effeds  ©i  the 
blow  and  the  terror.  He  adds,  that  he  would  not  take  a  fecond 
{hock  for  the  kingdom  of  France'!'. 

The  firft  time  Mr.  Allamand  made  this  experiment  (which 
was  only  with  a  common  beer  glafs)  he  fays,  that  he  loft  the  ufe 

f  Hiftoire  de  i’eledtriciie,  p,  30. ! 
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of  his  breath  for  fome  moments;  and  then  felt  fo  intenfe  a 
pain  all  along  his  right  arm,  that  he  at  firft  apprehended  ill  con- 
fequences  from  it,  though  it  foon  after  went  off  without  any  in¬ 
convenience  *.  But  the  mod;  remarkable  account  is  that  of  Mr. 
Winckler  of  Leipfic.  He  fays,  that  the  firft  time  he  tried  the 
Leyden  experiment,  he  found  great  convulfons  by  it  in  his  body; 
and  that  it  put  his  blood  into  great  agitation  ;  fo  that  he  was 
afraid  of  an  ardent  fever,  and  was  obliged  to  ufe  refrigerating 
medicines.  He  alfo  felt  an  heavinefs  in  his  head,  as  if  a  done 
lay  upon  it.  Twice,  he  fays,  it  gave  him  a  bleeding  at  his 
nofe,  to  which  he  was  not  inclined.  His  wife  (whofe  curio- 
fty,  it  feems,  was  ffronger  than  her  fears)  received  the  fhock 
only  twice,  and  found  herfelf  fo  weak,  that  fine  could  hardly 
walk ;  and,  a  week  after,  upon  recovering  courage  to  receive 
another  fhock,  Hie  bled  at  the  nofe  after  taking  it  only  oncef. 

We  are  not,  however,  to  infer  from  thefe  inftances,  that  all  the 
electricians  were  flruck  with  this  panic.  Few,  1  believe,  would 
have  joined  with  the  cowardly  profelfor,  who  faid  that  he  would 
not  take  a  fecond  for  the  kingdom  of  France.  Far  different  from 
thefe  were  the  fentiments  of  the  magnanimous  Mr.  Boze,  who 
with  a  truly  philofophical  heroifm,  worthy  of  the  renowned  Em¬ 
pedocles,  faid  he  wifhed  he  might  die  by  the  eleCtric  fhock, 
that  the  account  of  his  death  might  furnifh  an  article  for  the  me¬ 
moirs  of  the  French  Academy  of  Sciences  J.  But  it  is  not 
given  to  every  electrician  to  die  in  fo  glorious  a  manner  as  the 
juftly  envied  Richman. 

It  was  this  aftonifhing  experiment  that  gave  eclat  to  elec¬ 
tricity.  From  this  time  it  became  the  fubjeCt  of  general  con- 
verfation.  Every  body  was  eager  to  fee,  and,  notwithffanding 
the  terrible  account  that  was  reported  of  it,  to  feel  the  experi- 

*  Phil.  Tran f.  abridged,  Vol.  x.  p.  321.  flbid.  327.  J  Hifloire,  p.  164. 
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ment ;  and  in  the  fame  year  in  which  it  was  difcovered,  num¬ 
bers  of  perfons,  in  almoft  every  country  in  Europe,  got  a  live¬ 
lihood  by  going  about  and  fhowing  it. 

While  the  vulgar  of  every  age,  fex,  and  rank  were  viewing 
this  prodigy  of  nature  and  philofophy  with  wonder  and  amaze¬ 
ment,  we  are  not  furprifed  to  find  all  the  electricians  of  Europe 
immediately  employed  in  repeating  this  great  experiment,  and 
attending  to  the  circumftances  of  it.  Mr.  Allamand  remarked, 
that,  when  he  fir  ft  tried  it,  he  ftood  fimply.  upon  the  floor, 
and  not  upon  cakes  of  rofin.  He  faid,  that  it  did  not  fucceed 
with  all  kinds  of  glafs;  for  that,  though  he  had  tried  fever al, 
he  had  perfect  fuccefs  with  none  but  that  of  Bohemia,  and  that 
he  had  tried  Englifh  glades  without  any  effeCt  at  all  *.  Pro- 
feflor  Mufchenbroeck  at  that  time  only  obferved,  that  the  glafs 
muft  not  be  all  wet  on  the  outfide. 

It  is  no  wonder  that  fo  few  of  the  properties  of  glafs  charg¬ 
ed  with  eleCtrical  fire  were  known  at  fir  ft,  notwithftanding  the 
attention  that  was  immediately  given  to  the  fubjeCt  by  all  the 
electricians  in  Europe.  The  experiment  is,  to  this  day,  juftly 
viewed  with  aftonifhment  by  the  moft  profound  electricians  :  for, 
though  fome  remarkable  phenomena  of  it  have  been  excellent-* 
ly  accounted  for  by  Dr.  Franklin,  and  others,  much  remains  to 
be  done  ;  and,  in  many  refpeCts,  the  circumftances  attending  it 
are  ftill  inexplicable.  What  will  refult  from  more  attention  be¬ 
ing  given  to  it,  time  only  can  fhow. 

To  begin  the  farther  illuftration  of  this  difcovery  with  fuch 
of  the  phenomena  as  were  obferved  in  Germany,  where  it 
was  made.  Mr.  Gralath  made  the  fhock  much  ftronger  by 
uftng  a  glafs  velTel  five  inches  in  diameter,  with  a  narrow  neck, 
ten  inches  long;  by  fubftituting  an  iron  wire  with  a  knob  of 


*  Phil.  Tranf.  abridged,  Vol.  x.  p.  521. 
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tin  for  the  iron  nail,  and  water  for  fpirit  of  wine  *.  He  f  rft 
found,  that  the  fame  fliock  could  be  communicated  to  a  number 
of  perfons,  who  took  hold,  of  one  another’s  hands ;  if  the  per- 
fon  at  one  extremity  of  the  line  they  made,  touched  the  outfide 
of  the  phial,  and  he  at  the  other  touched  a  wire  communicat¬ 
ing  with  the  infide.  In  this  manner,  on  the  roth  of  April,  1746, 
he  gave  a  fhock  to  twenty  perfons ;  and  he  fays,  he  did  not 
doubt,  but  it  might  be  given  to  a  thoufand  When  thefe 
perfons  were  conned ed  by  pieces  of  metal,  and  did  not  hold 
one  another’s  hands,  they  found  the  fame  fhock,  but  not 
when  they  held  wood,  and  other  imperfed  conductors  +.  This 
gentleman,  alfo,  gave  a  fhock,  by  means  of  long  wires,  to  a 
perfon  (landing  in  a  garden,  while  he  himfelf,  who  directed  the 
experiment,  had  the  machine  in  a  part  of  the  houfe  at  a  confi-.. 
durable  difiance  §;  and  lie  was  the  firfl  who  made  what  we  now 
call  an  electrical  battery ;  for  he  increafed  the  fhock  by  charging 
feveral  phials  at  the  fame  time  ||.  Laftly  he  obferved  that  if  the- 
phial  had  the  leaft  crack  in  it,  it  could  never  give  a  fhock ; 
and  alio  that  when  a  phial  was  difeharged  it  acquired  afmall  charge 
by  handing,  without  receiving  any  thing  from  the  machine,  fo 
as  to  give  a  fmall  fliock  ^f.  This  is  what  we  now  call  the  reji- 
duum  of  a  charge,  and  is  properly  that  part  of  the  charge  that  lay 
on  the  imeoated  part  of  the  phial,  which  doth  not  let  go  all  its 
electricity  at  once;  fo  that  it  is,  afterwards,  gradually  diffufeef, 
to  the  coating. 

Mr.  Wimckler  found  out  the  method  of  making  the  dif- 
charge  of  the  phial  without  feeling  the  fhock  himfelf,  by  not 
bringing  his  own  body  into  the  direCt  circuit**.  He  alfo  gave 
the  fhock  when  feveral  ells  of  running  water,  in  his  garden,  made 
part  of  the  circuit.  This  he  did  on  the  28th  of  July  1746, 

*  Dantzick  Memoirs,  Vol.  ii.  p.  411.  f  IbiJ.  p.  439.  {  Ibid.  p.  440. 
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about  the  fame  time  that  Moiifieiir  Monnier  performed  the 
fame  experiment  in  France*.  And,  ladly,  he  found,  that  the 
more  globes  were  ufed,  and  the  larger  they  were,  the  d  ranger 
was  the  fliockf.  This  mud  be  the  confequence  of  increas¬ 
ing  the  power  of  excitation. 

When  Mr.  jallabert  made  the  Leyden  experiment  with  hot 
water,  the  phial  broke  by  a  fpontaneous  difcharge,  and  a  circular 
piece,  two  lines  and  a  half  in  diameter,  was  thrown  from  the 
place  of  the  rupture,  .againd  a  wall,  which  was  at  the  didance  ol 
five  feet.  The  veffel,  he  fays,  had  no  crack,  or  other  in- 

juryt- 

Dr,  Watson,  who  gives  an  account  of  this  famous  experi¬ 
ment  in  the  Fhilofophical  Tranfadlions,  obferves,  that  it  Succeed¬ 
ed  belt  when  the  phial,  which  contained  the  water,  was  of  the 
thinned  glafs,  and  the  water  warmer  than  the  ambient  air. 
He  fays  he  tried  the  effedt  of  increafmg  the  quantity  of  water 
in  glafs  vefiels  of  different  fizes,  as  far  as  four  gallons,  without 
in  the  lead  increafmg  the  {broke.  He  alfo  obferved,  that  the 
force  of  the  droke  did  not  increafe  in  proportion  to  the  fize  of  the 
globe,  or  the  number  of  globes  employed  upon  the  occafion;  for 
that  he  had  been  as  forcibly  druck  with  a  phial  charged  by 
means  of  a  globe  of  feven  inches  in  diameter,  as  from  one  or 
fixteen,  or  from  three  of  ten  ;  and  that,  at  Hamburgh,  a  Sphere 
had  been  employed  of  a  Elemifh  ell  in  diameter,  without  the 
expedted  increafe  of  power.  But,  in  both  thefe  observations,  there 
mud  have  been  fome  midake.  Lie  found,  that  if  mercury 
was  ufed  indead  of  water,  the  droke  was  by  no  means  increas¬ 
ed  in  proportion  to  its  Specific  gravity.  He  alfofird  obferved,  that 
feveral  men,  touching  each  other,  and  Landing  upon  eledlrics, 
were  all  fhocked,  though  only  one  touched  the  gun  barrel ;  but 

*  Dantzick  Memoirs,  Vol,  iii.  p.  504.  +  Ibid.  p.  4:6. 

J  Jaliabert’s  Experiences,  p.  128. 
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that  no  more  fire  was  vifible  from  them  all,  than  if  one  had  on¬ 
ly  difcharged  it. 

Several  pf  thefe  obfervations  fhow  how  imperfefily  this 
great  experiment  was  underfiood,  for  fome  time  after  it  was 
firft  made.  Dr.  Watfon,  however,  obferved  a  circumfiance  attend-* 
ing  the  charging  of  the  phial,  which,  if  purfued,  would  have  led 
him  to  the  difcovery,  which  was  afterwards  made  by  Dr.  Frank¬ 
lin.  He  fays,  that  “  when  the  phial  is  well  eledrified,  and: 

“  you  apply  your  hand  thereto,  you  fee  the  fire  flafli  from  the 
“  outfide  of  the  glafs,  wherever  you  touch  it,  and  it  crackles 
4‘  in  your  hand 

He  alfo  obferved,  that  when  a  fingle  wire  only  was  faftened 
round  a  phial,  properly  filled  with  warm  water,  and  charged; 
upon  the  inftant  of  its  explofion,  the  eledlrical  corrufcations  were 
feen  to  dart  from  the  wire,  and  to  illuminate  the  water  contain¬ 
ed  in  the  phial. 

Several  other  very  important  circum fiances,  relating  to 
the  difcharge  of  the  phial,  were  obferved  by  Dr.  Watfon.  He 
found  that  the  firoke  was,  cczteris  paribus ,  as  the  points  of  con¬ 
tact  of  the  non-elefirics  on  the  outfide  of  the  glafs.  And  upon 
fhowing  Dr.  Bevis  the  experiments  which  proved  this  affertion, 
the  Dodlor  fuggefted  a  more  clear  and  fatisfadlory  method  of 
proving  it,  and  which  has  been  the  means  of  accumulating  and 
increafing  the  force  of  charged  glafs,  far  beyond  what  was 
expedled  from  the  firfi  difcovery  of  it.  This  method  was,  coat¬ 
ing  the  outfide  of  the  phial,  very  near  to  the  neck,  with  fheet- 
lead,  or  tinfoil.  When  a  bottle  was  prepared  in  this  manner, 
and  nearly  filled  with  water,  they  obferved,  that  a  perfon  who 
only  held  in  his  hand  a  fmall  wire  communicating  with  that  coat¬ 
ing,  felt  as  ftrong  a  fliock  as  he  would  have  felt,  if  his  hand  had* 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  298. 
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been  in  adual  contad  with  every  part  of  the  phial  touched  by 
the  coating  A 

Dr.  Watson  alfo  difcovered,  that  the  eledrical  power,  in  the 
difcharge  of  the  phial,  darts  retlijjimo  curfu ,  as  he  ftyles  it,  be* 
tween  the  gun-barrel  and  the  phial ;  and,  though  it  is  not  ftrict- 
ly  true,  that  the  fhock  goes  the  neareft  way,  yet  it  does  fo 
cceteris  -paribus ,  which  alone  was  a  confiderable  difcovery  for 
that  time.  He  obferved,  that,  in  a  company  joining  hands,  a 
perfon  touching  two  other  perfons  in  the  circle,  who  did 
themfelves  touch  one  another,  felt  nothing  of  the  fhock,  his  body 
making  no  neceffary  part  of  the  circle ;  and  alfo,  if  a  man,  hold¬ 
ing  a  wire,  which  communicated  with  the  outfide  of  the  phial, 
as  it  hung  upon  the  condudor,  fhould  touch  the  conductor  with 
it,  the  explolion  was  made,  but  the  man  felt  nothing  f. 

In  a  paper  read  at  the  Royal  Society,  January  21ft,  1748,  Di\ 
Watfon  mentions  another  difcovery  relating  to  the  Leyden  phial, 
which  Dr.  Bevis  fuggefted,  and  he  completed.  Having  been  be¬ 
fore  fully  fatisfied,  that  the  fhock  from  the  phial  was  not  in  pro¬ 
portion  to  the  quantity  of  matter  contained  in  the  glafs,  but 
Was  increafed  by  it,  and  likewife  by  the  number  of  points  of 
non-eledric  contad  on  the  outfide  of  the  glafs  ;  he  procured 
three  jars,  into  which  he  put  round  leaden  fhot,  and,  joining 
their  wires  and  coating,  difcharged  them  all  as  one  jar.  Upon 
this  he  obferved,  that  the  eledrical  explofion  from  two  or 
three  of  thofe  jars  was  not  double  or  treble  to  that  from  one  of 
them  ;  but  that  the  explofion  from  three  was  much  louder  than 
that  from  two,  and  the  explofion  from  two  much  louder  than 
that  from  one 

This  experiment  had  induced  him  to  imagine,  that  the  ex- 
plofion  from  thofe  jars  was  owing  to  the  great  quantity  of  non- 

*  Phil.  Tran f.  abridged,  Vol.  x.  p.  299.  t  Ibid.  p.  361. 
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eleftric  matter  contained  in  them.  And  win; ft  he  was  con'd  dering  . 
of  fome  certain  method  of  afluring  himfelf  whether  the  fad  was. 
f0,  Dr.  Bevis  informed  him,  that  he  had  found  the  cle&rical  ex- 
plofion  to  be  as  great  from  covering  the  fides  of  a  pane  of  glais, 
within  about  an  inch  of  the  edge  (which  was  a  curious  improve¬ 
ment  of  Mr.  Smeaton’s),  as  it  could  have  been  from  an  half  pint 
phial  of  water.  Upon  this  Dr.  Watfon  coated  large  jars  with 
leaf  filver,  both  infide  and  outfide,  within  an  inch  of  the  top,  and 
from  the  great  explofion  he  produced,  when  lo  little  non-elc&ric 
matter  was  contained  in  them,  he  was  of  opinion,  that  the  effed 
of  the  Leyden  bottle  was  greatly  increafed  by,  if  it  was  not  prin¬ 
cipally  owing  to,  not  fo  much  the  quantity  of  non-ele&ric  mat¬ 
ter  contained  in  the  glafs,  as  the  number  of  points  of  non-elec¬ 
tric  contact  within  the  glafs,  and  the  denfity  of  the  matter  of  which 
thofe  points  confided ;  provided  the  matter  was,  in  its  own  na¬ 
ture,  a  ready  conductor  of  ele&ricity.  He  alfo  obferved,  that 
the  explofion  was  greater  from  hot  water  inclofed  in  glalfes,  than 
from  cold;  and  from  his  coated  jars  warmed,  than  when  cold* 
The  Doftor  obferved,  that  when  the  circle  for  the  difeharge 
was  not  through  perfect  conductors,  the  explofion  was  made 
llowly,  and  not  all  at  once.  This  law,  he  fays,  was  invaiiable, 
but  he  was  not  able  to  account  for  it.  But  to  prove  that  the  elec¬ 
tricity  palfed  with  its  whole  force  through  the  circle  of  non- 
eledrics,  he  made  a  circuit  confiding  of  iron  bars,  and  fpoons 
filled  with  fpirits  between  each  bar  (but  at  fome  frnall  didance 
from  them),  and,  upon  the  explofion,  all  the  fpoons  were  on  fire 
at  once.  This  was  the  firft  time,  as  he  obferves,  that  fpirits 
were  fired  without  either  the  fpirits,  or  the  non-ele£iric  on 
which  they  were  placed,  being  infulated,  or  put  upon  original 
eleftrics.  And  yet,  he  fays,  though  we  know,  from  its  effeCls, 

3  Phi!.  Tranf.  abridged,  Vol.  x.  p.  377. 
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that  the  eleflricity  goes  through  the  whole  circuit  oi  non- 
electrics,  with  all  its  vigour,  its  progrefs  is  fo  quick,  as  not  to 
afteft,  by  attrafting  or  otlierwife,  any  light  bodies  difpofed 
very  near  the  non-eledrics,  through  which  it  muft  neceffanly 

pafs  r 

lx  is  curious  to  obferve  in  what  manner  Dr.  Watfon  ex¬ 
plained  the  fhock  of  the  Leyden  phial,  about  the  tune  that  he 
firft  made  the  experiment  with  it.  He  had  then  been  led  (by 
a  courfe  of  experiments  which  will  be  mentioned  hereafter)  to  the 
notion  both  of  the  ajflux,  and  efflux  of  eleflric  matter  in  all  elec¬ 
trical  experiments.  To  apply  this  principle  to  the  cafe  m 
hand,  he  fuppofed,  that  the  man  who  felt  the  Ihock  parted  with 
as  much  of  the  fire  from  his  body,  as  was  accumulated  in  the 
water  and  the  gun-barrel ;  and  that  he  felt  the  effeft  in  both 
arms,  from  the  fire  which  was  in  his  body,  ruihing  through  one 
arm  to  the  gun  barrel,  and  through  the  other  to  the  plnal.  He 
imagined  alfo,  that  as  much  fire  as  the  man  parted  with  was  m- 
ftantly  replaced  from  the  floor  of  the  room,  and  that  with  a 

violence  equal  t0  the  manner  in  which  he  loft  il:-  II  alk>  appeals’. 
from  Dr.  Watfon’s  remarks  on  fome  fubfequent  experiments  o,. 
Mr.  Monnier,  that  he  then  imagined,  that  though  a  confider- 
able  quantity  of  the  define  matter  pervaded  the  glafs  (as  he 
thought  was  feen  upon  prefenting  a  non-eledric  body  to  it, 
when  it  flood  upon  the  glafs  Hand,  and  without  which  it  cou  i 
not  be  charged  at  all)  yet,  that  the  lofs  of  the  elednc  matter 
this  way  was  not  equal  to  what  came  in  by  the  wire ;  the  thin- 
nefs  of  the  glafs  permitting  it  not  wholly,  but  partially  to  flop 

the  ele&ricity  #  , 

Afterwards,  when,  (from  a  courfe  of  experiments,  w  uc  ~ 

will  alfo  be  recited  in  their  proper  place)  Dr.  Watfon  chang- 

*  Phil.  Tranf.  abridged,.  Vo!,  x.  p.  378.  t  Ibid.  p.  34,8. 
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ed  hispj.ua ion  about  this  afflux  and  efflux  of  eleCtric  matter,  with 
a  generality  and  franknefs  becoming  every  inquirer  after  truth, 
he  retraced  this  hypothefis;  and,  in  refutation  of  it,  he  farther 
adds,  that  the  charged  phial  will  explode  with  equal  violence, 
if  the  hoop  of  the  wire  be  bent,  fo  as  to  come  near  the  coating 
of  the  phial,  without  'any  other  non-eleCtric  body  being  near, 
from  which  fuch  a  quantity  could  be  fupplied.  He  had  alio  ob- 
ferved,  that  if  a  man  flood  upon  glafs,  and  difcharged  the 
phial,  he  felt  the  fame  ihock  as  if  he  had  flood  upon  the  floor. 
I  fhall  fubjoin  a  remarkable  paragraph  of  the  DoCtor  himfelf 
upon  this  occafion,  as  I  think  it  very  applicable  even  to  us,  in 
this  more  advanced  flate  of  the  fcience. 

“  I  TAKE  notice  of  thefe,”  fays  the  DoCtor,  “  in  as  much 
“  as,  notwithflanding  the  very  great  progrefs  which  has  been 
“  made  in  our  improvements  in  this  part  of  natural  philofophy, 
14  within  theie  few  years;  poflerity  will  regard  us  as  only  in  our 
“  noviciate ;  and  therefore  it  behoves  us,  as  far  as  we  can  be 
“  juflified  therein  by  experiment,  to  correct  any  conclufions 
u  we  may  have  drawn,  if  others  yet  more  probable  prefent 
44  themfelves  The  DoClor  has  lived  to  fee,  not  only  that 
pojierity  would  confider  him  and  his  affiflants  at  that  time,  as  in 
their  noviciate ;  but  he  himfelf ,  already  in  the  courfe  of  a  few  years, 
looks  upon  both  himfelf  and  them  in  the  fame  light.  And, 
confldering  the  quick  advances  flill  making  in  this  fcience,  it  is  to 
be  hoped  he  may  flill  live  to  fee,  even  the  electricians  of  the  pre¬ 
fent  year  to  have  been  only  in  their  noviciate. 

Having  feen  what  was  done  by  Dr.  Watfon  towards  explain¬ 
ing  the  eledric  fliock,  before  it  was  undertaken  by  Dr.  Franklin ; 
let  us  fee  what  obligations  we  are  under  to  other  Englifh  electri¬ 
cians,  and  particularly  Mr.  Wilfon. 


Mr* 


*  Phil,  Tranf.  abridged,  Vol.  x.  p.  373, 
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Mr.  Wilson  fays  that,  as  early  as  the  year  1746,  he  dif- 
covered  a  method  of  giving  the  fhock  to  any  particular  part  of 
the  body  without  afreding  the  reft  *  He  increafed  the  ftrength 
of  the  fliock  by  plunging  the  phial  in  water,  thereby  giving  it 
a  coating  of  water  on  the  outfide,  as  high  as  it  was  filled  on  the 

infidef.  •" 

In  a  letter  to  Mr.  Smeaton,  dated  Dublin,  Odober  6tli,  1746, 
he  mentions  his  having  made  fome  experiments,  in  order  to 
difcover  the  law  of  accumulation  of  the  eledric  matter  in  the  Ley¬ 
den  bottle ;  and  found,  that  it  was  always  in  proportion  to  the 
thinnefs  of  the  glafs,  the  furface  of  the  glafs,  and  that  of  the 
non-eledrics  in  contad  with  the  infide  and  outfide  thereof.  The 
experiments,  he  fays,  were  made  with  watei  a  little  warmed, 
which  was  poured  into  the  bottle,  while  the  outfide  was  im- 
merged  in  a  veftel  filled  with  water,  but  a  little  colder ;  leav¬ 
ing  three  inches',  or  thereabout,  uncovered,  which  was  preferv- 
ed  dry  and  free  from  duft.  An  account  of  this  experiment  he 
wrote  to  Mr.  Folkes,  and  it  was  read  before  the  Royal  Society, 
Odober  23d,  1746,  as  appears  by  their  minutes  of  that  day, 

though  the  original  was  loft  or  miflaid. 

Another  curious  experiment  Mr.  Wilfon  made,  in  orcier 
to  prove  an  hypothefis,  which  he  conceived  very  early,  of  the 
influence  of  a  fubtle  medium  furrounding  all  bodies,  and  re¬ 
filling  the  entrance  or  exit  of  the  eledric  fluid.  To  determine 
this,  he  made  the  Leyden  experiment  with  a  chain,  and  con- 
fidered  each  link  of  it  as  having  two  furfaces,  at  leaft  5  lo  that 
lengthening  or  fhortening  the  chain,  in  each  experiment,  would 
occafion  different  refiftances  ;  and  the  event,  he  fays,  proved  ac¬ 
cordingly.  When  he  made  the  difcharge  with  one  wire  only, 
he  found  the  refiftance  to  be  lefs  than  when  a  chain  was  ufecl.  But 


*  Wilfon’s  Eflay,  p.  88. 
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to  leave  no  room  for  doubt,  lie  caufed  the  chain  to  be  hi  etched 
with  a  weight,  that  the  links  might  be  bi ought  neaier  into 
contad,  and  the  event  was  the  fame  as  when  a  tingle  wire  had 
been  ufed  *. 

Two  circuits  being  made,  one  confiding  of  the  arms  of  a  man, 
and  the  other  of  the  links  of  a  chain ;  he  found,  that  the  fire 
would  take  the  arms  of  the  man ;  but  that  if  the  chain  were 
ftretched,  it  would  take  the  chain.  No  perfon,  he  fays,  who 
has  not  made  the  experiment,  would  imagine,  with  how  much 
force  the  chain  miift  be  ftretched  before  the  experiment  will 
anfwer,  and  the  eledric  fluid  pafs  through  it  without  producing 
a  fpark  at  any  of  the  links  ;  that  is,  before  the  links  can  be  brought 
into  abfolute  contad  with  one  another,  their  own  weight  being 
by  no  means  fuflicient 

Mr.  Wilson  obferved,  that  if  one  part  of  the  Leyden  phial 
was  ground  very  thin,  and  covered  with  fealing-wax  till  it  was 
charged,  and  then  had  the  fealing-wax  taken  off,  and  a  con- 
dudor  communicating  with  the  earth  touched  the  thin  part, 
the  charge  would  be  diflipated  in  nearly  half  the  time  that  it 
otherwife  would  have  been 

He  obferved  that  bodies,  placed  without  the  eledric  circuit, 
would  be  affeded  with  the  (hock,  if  they  were  only  in  contad 
with  any  part  of  it,  or  very  near  it.  To  fhew  this  to  the  moll 
advantage,  he  fet  a  charged  phial  upon  a  glafs  ftand,  and  placed 
feveral  pieces  of  brafs  upon  the  [ftand,  one  of  them  in  contad 
with  the  chain  that  formed  the  circuit,  and  others  a  twentieth  of 
an  inch  from  it,  or  from  one  another  ;  and,  upon  making  the  dis¬ 
charge,  there  was  a  fpark  vifible  between  each  of  them  §. 

Analogous,  in  fome  refpeds,  to  this,  was  Mr.  Wilfon’s 
obfervation,  that  if  the  circuit  was  not  made  of  metals,  or  other 

*  Letter  to  Hoadley.  f  Wilfon  and  Hoadley,  p.  65. 

J  Wilfon’s  Efiay,  p.  74.  §  Ibid.  p.  90. 
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very  good  conductors,  the  perfon  who  laid  hoid  of  them,  in  order 
to  perform  the  experiment,  felt  a  con  iidei  able  fhocK  m  that  aim 

which  was  in  contact  with  the  circuit. 

He  alfo  obferved,  that  when  the  phial  was  coated,  within  and 
without,  with  metals,  the  firft  explofion  bore  the  greateft  pro¬ 
portion  to  the  fubfequent  ones,  the  whole  charge  being  diffipat- 
ed  almofl  at  once  ;  whereas,  when  water  was  uled,  the  fubfequent 
explo  lions  were  more  m  number,  and  mOiC  confiderabie ;  anti 
that  when  the  phial  was  charged  with  nothing  but  a  wire  inferted 
into  it,  the  firft  explofion  and  the  fubfequent  ones  were  did  moie 
nearly  equal. 

Mr.  Wilson  once  happening  to  break  a  fmall  wire  by  the 
convulfive  fhock  given  to  his  arms  by  the  Leaden  phial,  he 
Fattened ‘to  his  hands,  well  guarded  with  leathei,  a  laige  \Hie,  of 
the  thicknefs  of  a  Tender  knitting  needle,  and  placed  himfeli 
in  fuch  a  manner,  that  it  would  neceffarily  be  ftretchcd,  if  his 
arm  fhould  be  convulfed  again.  He  accordingly  difcharged  the 
phial,  and  this  wire  was  broken,  like  the  former 

Mr.  George  Graham  fhewed  howfeveral  circuits  for  the  dif- 
charge  of  the  Leyden  phial  might  be  made  at  the  fame  time* 
and  the  fire  be  made  to  pafs  through  them  . all.  He  made  a  num¬ 
ber  of  perfons  take  hold  of  a  plate  of  metal,  communicating 
with  the  outfide  of  the  phial;  and  all  together,  likewife,  laid 
hold  of  a  brafs  rod  with  which  the  difeharge  was  made;  when 
they  were  all  fhocked  at  the  fame  time,  and  in  the  fame  de¬ 
gree 

Lastly,  Mr.  Canton  found,  that  if  a  charged  phial  was 
placed  upon  ele&rics,  the  wire  and  the  coating  would  give  a 
fpark  or  two  alternately  ;  and  that,  by  continuing  this  operation, 
the  phial  would  be  difcharged  This  difeovery,  which  is 

*  Wilfon’s  EfTay,  p.  84.  +  Ibid.  p.  128.  t  Ibid,  p.  64.  > 
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the  firfl  that  I  find  recorded  of  this  excellent  philofopher,  to; 
whom  the  fcience  of  electricity  owes  fo  much,  has  a  near- 
affinity  to  the  great  difcovery  of  Dr.  Franklin;  but  he  did 
not  then  obferve,  that  thofe  alternate  fparks  proceeded  from  the 
two  contrary  electricities.  This  hiftory  will  furnifh  many  more 
inftances  of  perfons  being  on  the  eve  of  great  difcoveries,  with- 
out  actually  making  them.  Both  Mr.  Gralath  and  Mr.  Richman 
obferved,  in  feveral  cafes,  a  ftronger  lpark  between  two  bodies,, 
when  both  of  them  were  electrified,  than  when  only  one  of  them- 
was  in  that  Rate ;  but  neither  of  them  fufpeCted.  that  the  electri¬ 
cities  were  of  a  different  kind  *. 

We  have  feen  what  obfervations  the  Englifh  philofophers  had; 
made  upon  the  Leyden  experiment  before  the  time  of  Dr.  Frank¬ 
lin  ;  let  us  now  take  a  view  of  what  was  done  by  electricians  im 
other  parts  of  the  world,  within  the  fame  period. 

As  Mr.  Mufchenbroeck’s  letter  to  Mr.  Reaumur,  concern¬ 
ing  the  experiment  of  the  phial;  came  at  a  time  when  many 
learned  men  were  employed  about  electricity,  the  Abbe  Nol- 
let,  and  Mr.  De  Monnier,  gentlemen  of  the  academy,  zealous 
to  fearch  into  fo  an  extraordinary  a  phenomenon,  divefting. 
themfelves  of  the  fear  with  which  the  profeffor’s  letter  had' 
juftly  infpired  them,  made  the  experiment  upon  themfelves,  and, 
in  like  manner,  faid  they  found  the  commotion  very  terrible.  The 
report  of  it  inftantly  fpread  through  the  court  and  the  city, 
from  whence  all  ranks  of  men  crouded  to  fee  this  new  kind 
of  thunder,  and  to  experience  the  effeCt  of  it-fv 

The  Abbe  Nollet  was  the  firft  who  made  experiments  upon 
the  phial  in  France,  and  the  refult  of  many  of  them  was  the 
fame  with  what  Dr.  Watfon  had  difcovered,  for  which  reafon 
I  (hall  not  recite  them  here.  They  may  all  be  feen  at  one 


•  Wilcke’s  Preface  to  the  German  Verfion  of  Franklin’s  Letters, 
t  Nollet’s  Lecpns  de  Phyfique,  p.  452.  Ac.  Par.  1746.  M.  p/5. 
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view  in  his  Lemons  de  phyjique ,  p.  48 1.  The  circumftances  which 
the  Englifh  philofophers  had  not  attended  to,  are  the  following. 

The  Abbe  received  a  {hock  from  a  bottle  out  of  which  the 
air  had  been  exhaufted,  and  into  which  the  end  of  his  conductor 
had  been  inferted.  As  he  was  amufing  himfelf  with  obferving 
the  beautiful  irradiations  of  the  electric  light  in  the  vellel,  it  im¬ 
mediately  occurred  to  him,  that,  being  fo  ftrongly  eledrified,  it 
could  not  fail  to  give  a  {hock  fimilar  to  that  of  the  Leyden  phial, 
and  without  any  farther  refle&ion,  laying  one  hand  on  the  vef- 
fel,  and  bringing  the  other  to  the  condudor,  his  conjedure  was 
verified,  but  in  a  manner  that  gave  him  more  pain  than  he 
could  have  wiftied.  The  blow  he  received  was  greater,  he  fays, 
than  he  ever  felt  from  the  Leyden  experiment  in  any  other 

form  j\ 

In  the  fame  place  he  obferves,  that  he  never  confidered 
the  water  in  the  phial  as  of  any  ufe,  but  to  convey  the  electric 
matter  into  the  infide  of  the  glafs  ;  and  that  he  afcribed  the  force 
of  the  glafs  in  giving  a  Ihock,  to  that  property  of  it,  whereby 
it  retained  it  more  ftrongly  than  conduftors  do,  and  was  not  fo 
eafily  divefted  of  it  as  they  are.  The  Abbe  alfo  gave  the  Ihock 
with  porcelain,  and  obferved,  that  fome  peifons  were  much 
more  fenfible  to  it  than  others  in  whatever  part  of  the  circuit 
they  were  placed  *, 

Mr.  Monnier  is  faid,  by  Mr.  Buffon,  to  have  been  the  fiifi 
who  difcovered  that  the  Leyden  phial  would  retain  its  electri¬ 
city  a  confiderable  time  after  it  was  charged,  and  to  have  iound 
it  do  fo  for  thirty- fix  hours,  in  time  of  froft.  He  frequently 
electrified  his  phial  at  home,  and  brought  it  in  his  hand, 
through  many  ftreets,  from  the  college  ot  Harcourt  lO  his 

f  Recherche?,  p.426.  *  Ac.  Par.  1746,  M.  p.  n,  z6- 
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apartments  in  the  King’s  garden,  without  any  confiderable  dimi¬ 
nution  of  its  efficacy 

In  France  as  well  as  in  Germany  experiments  were  made  to 
try  how  many  perfons  might  feel  the  ffiock  of  the  fame  phial. 
The  Abbe  Nollet,  whofe  name  is  famous  in  eledlricity,  gave  it 
to  one  hundred  and  eighty  of  the  guards,  in  the  King’s  prefence  y 
and  at  the  grand  convent  of  the  Carthufians  in  Paris,  the 
whole  community  formed  a  line  of  nine  hundred  toifes,  by  means 
of  iron  wires  between  every  two  perfons  (which  far  exceeded  the 
line  of  one  hundred  and  eighty  of  the  guards)  and  the  whole 
company  upon  the  difcharge  of  the  phial,  gave  a  fudden  fpring* 
at  the  fame  inftant  of  time,  and  all  felt  the  Ihock  equally  f. 

Mr.  Nollet  alfo  tried  the  effedt  of  the  eledtric  ffiock  upon 
two  birds,  one  of  which  was  a  fparrow,  and  the  other  a 
chaffinch,  which,  as  far  as  I  can  find,  were  the  firft  brute 
animals  of  any  kind  that  ever  received  it.  The  confequence  was, 
that  upon  the  firft  ffiock,  they  were  both  inftantaneoully  ftruck. 
motionlefs,  and,  as  it  were,  lifelefs,  though  fora  time  only;  for 
they  recovered  fome  few  minutes  after.  Upon  the  fecond  ffiock, 
the  fparrow  was  ftruck  dead,  and,  upon  examination,  was 
found  livid  without,  as  if  it  had  been  killed  with  a  flaffi  of  light— 
mng  ;  moft  0i  the  blood  veflels  in  the  body  being  burft  bv  the 
ffiock.  The  chaffinch  revived  as  before  J.  Fifties  were  alfo  kill¬ 
ed  with  the  eledtric  ffiock,  by  the  Abbe,  and  others. 

The  circumftance  of  the  blood  veflels  of  the  fparrow  being 
HLirft  is-  pretty  Angular.  I  have  feen  no  fuch  effedt,  when  fmaller. 
animals  have  been  killed  by  a  ffiock  fifty  times  as  great  as,  it  is 
probable,  the  Abbe  ufed  upon  this  occafion. 

The  Abbe  Nollet,  as  well  as  Mr.  Jallabert,  mentions  the 
burning  or  glafs  veflels  by  the.  eledtric  explofion.  They 

f  Phil.  Tranfi  abridged,.  Vol.  x.  p.  333.  +  Ib  tli  p>  3y- 

}  ibid,  p.336.  Ac.  Par.  j 746.  M,  p.  32. 
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were  pierced,  he  fays,  with  round  holes,  three  or  four  lines  in 
diameter  J. 

It  feems  that  the  French  philofophers,  as  well  as  the  Englifh, 
had  obferved,  that,  if  the  phial  food  upon  glafs,  it  could  not  be 
charged,  except  a  perfon’s  hand,  or  fome  other  non-eleftric 
fubftance  were  brought  near  to  it*  Upon  this  they  imagined  the 
fire  ftreamed  out  of  the  hand,  and  pafled  through  the  fubftance  of 
the  phial  into  the  water  f.  This  fa£t  furprifed  them  very  much, 
as  it  well  might.  Mr.  Monnier  obferved,  that  a  light  body  would 
be  attracted  by  a  charged  phial,  as  it  flood  upon  the  table,  and 
produced  a  fpark  if  any  perfon  touched  the  wire;  but  that  the 
light  body  mull  be  fufpended  by  a  non-eleftric  fubftance  J.  He 
likewife  found,  that  when  the  charged  phial  flood  upon  glafs, 
it  might  be  handled  with  all  fafety  §.  Thefe  experiments  feem 
not  to  have  been  made  with  proper  circumfpeftion :  for  by  an 
attention  to  thefe  very  circumftances,  Dr.  Franklin  was  after¬ 
wards  led  to  the  great  difcovery  of  the  different  quality  of  the 
ele&ricity,  on  different  fides  of  the  glafs. 


*  Nollet’s  Lettres,  Vol.  i.  p.  4?.  f  Phil.  Tranf.  abridged,  Vol.  x.  p.  354.. 

X  Ac.  Par.  1746.  M.  p,  684.  §  Phil.  Tranf.  abridged,  VoL  x.  p.  337* 
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SECTION  II. 


The  methods  used  by  the  French  and  English  philo¬ 
sophers,  TO  MEASURE  THE  DISTANCE  TO  WHICH  THE 

0 

ELECTRIC  SHOCK  CAN  BE  CARRIED,  AND  THE  VELOCITY 
WITH  WHICH  IT  PASSES. 


WE  are  now  come  to  an  ampler  field  of  electrical  experi¬ 
ments,  in  which  we  fhall  be  fpe&ators,  not  of  what  might 
be  exhibited  in  a  private  room,  and  by  a  few  operators,  but  where 
we  (hall  find  an  amazing  apparatus  neceflary,  and  a  great  num¬ 
ber  of  afliftants  in  the  management  of  it ;  as  well  as  the  greatefl 
judgment,  and  the  moft  unwearied  patience  in  the  conduct 
of  it. 

The  French  philofophers  were  the  firft  to  appear  in  this 
field,  but  they  excited  the  Englifh  to  go  far  beyond  them  in 
thefe  great  undertakings.  It  has  been  faid  already,  that  a  circuit 
was  made  of  nine  hundred  toifes,  confifting  of  men  holding 
iron  wires  betwixt  each  two,  through  which  the  electric  fhock 
was  fenfibly  felt.  At  another  time,  they  made  the  fhock  pafs 
through  a  wire  two  thoufand  toifes  in  length,  that  is  near  a 
Paris  league,  or  about  two  Englilh  miles  and  a  half ;  though 
part  of  the  wires  dragged  upon  wet  grafs,  went  over  charmil 
hedges,  or  palifades,  and  over  ground  newly  ploughed  up. 
Into  another  chain  they  took  the  water  of  the  bafon  in  the  Thuil- 
leries,  the  furface  of  which  was  about  an  acre,  and  the  phial  was 

difcharged 
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difcharged  through  it  *.  Mr.  Monnier,  who  made  this  experi¬ 
ment,  mentioning  the  quantity  of  furface  in  the  bafon  of  water, 
as  if  it  was  of  confequence  to  the  experiment,  and  faying  it  was 
eleBrified,  (tho*  all  he  meant  by  this  was,  that  it  received  and 
tranfmitted  the  eledric  charge  -f.)  Mr.  Gralath  made  feveral  ex¬ 
periments,  wThich  prove,  that  bodies  which  form  the  circuit  oi  the 

lhock  are  not  properly  eledrified 

Mr.  Monnier  the  younger,  alfo  endeavoured  to  determine 
the  velocity  of  the  eledric  matter ;  and  for  this  purpofe,  made 
the  fhock  pafs  through  an  iron  wire  of  nine  hundred  and  fifty 
toifes  in  length,  but  he  could  not  obferve,  that  it  fpent  a  quar¬ 
ter  of  a  fecond  in  palling  it.  He  alfo  found,  that  when  a  wire 
of  one  thoufand  three  hundred  and  nineteen  feet,  with  its  ex¬ 
tremities  brought  near  together,  was  eledrified;  the  eledri- 
city  ceafed  at  one  end,  the  moment  it  was  taken  off  at  the  other. 
This  fact  refuted  the  opinion  of  thofe  who  maintained,  that  it 
was  the  force  of  the  eledrical  Jhock,  which  threw  the  eledric 
matter  with  fo  great  velocity  §. 

These  attempts  of  the  French  gave  occafron  to  the  greater, 
the  more  accurate,  and  the  more  numerous  experiments  of  the 
Englifh.  The  names  of  the  Englifh  gentlemen,  animated  with 
a  truly  philofophical  fpirit,  and  who  were  indefatigable  in  this 
bufinefs,  deferve  to  be  tranfmitted  to  pofterity  in  every  work 
of  this  nature. 

The  principal  agent  in  this  great  fcene  was  Dr.  Watfon. 
He  planned  and  direded  all  the  operations,  and  never  failed 
to  be  prefent  at  every  experiment.  His  chief  afliftants  were  Mar¬ 
tin  Folkes,  Efq.  prefident  of  the  Royal  Society,  Lord  Charles 
Cavendifh,  Dr.  Bevis,  Mr.  Graham,  Dr.  Birch,  Mr.  Peter  Daval, 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  336,  +  Ac.  Par.  1746.  M.  p.  678. 

I  Dantzick  Memoirs,  Vol.  iii.  p.  552.  §  Ac.  Par.  1746,  M.  p.  686. 
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Mr.  Trembley,  Mr.  Ellicott,  Mr.  Robins,  and  Mr.  Short.  Many 
other  perfons,  and  fame  of  diftindion,  gave  their  attendance  oc- 

cafionally. 

Dr.  Watson,  who  wrote  the  hiftory  of  their  proceedings, 
in  order  to  lay  them  before  the  Royal  Society,  begins  with  obferv- 
ing  (what  was  verified  in  all  their  experiments)  that  the  eledric 
fhock  is  not,  hr  idly  fpeaking,  conduced  in  the  ftiorteft  man¬ 
ner  poffible,  unlefs  the  bodies  through  which  it  pafles  condud 
equally  well ;  for  that,  if  they  condud  unequally,  the  circuit 
is  always  formed  through  the  beft  condudors,  though  the  length 
of  it  be  ever  fo  great. 

The  firft  attempt  thefe  gentlemen  made,  was  to  convey 
the  define  fhock  acrofs  the  river  Thames,  making  ufe  of  the 
water  of  the  river  for  one  part  of  the  chain  of  communication. 
This  they  accomplifhed  on  the  14th  and  1 '8th  of  July  1747, 
by  fattening  a  wire  all  along  Weftminfter  bridge,  at  a  confiderable 
height  above  the  water.  One  end  of  this  wire  communicat¬ 
ed  with  the  coating  of  a  charged  phial,  the  other  being  held 
by  an  obferver,  who,  in  his  other  hand,  held  an  iron  rod, 
which  he  dipped  into  the  river.  On  the  oppofiteTide  of  the  river, 
flood  a  gentleman,  -who,  likewife,  dipped  an  iron  rod  in  the 
river,  with  one  hand ;  and  in  the  other  held  a  wire,  the  ex¬ 
tremity  of  which  might  be  brought  into  contad  with  the  wire 
of  the  phial. 

Upon  making  the  difeharge,  the  fhock  was  felt  by  the  obfervers 
on  both  fides  the  river,  but  more  fenfibly  by  thofe  who  were 
ftationed  on  the  fame  fide  with  the  machine ;  part  of  the  eledric 
lire  having  gone  from  the  wire  down  the  moitt  ftones  of  the 
bridge,  thereby  making  feveral  fhorter  circuits  to  the  phial ;  but 
ftill  all  patting  through  the  gentlemen  who  were  ftationed  on 
the  fame  fide  with  the  machine.  This  was,  in  a  manner,  de- 
monftrated  by  fome  |  perfons  feeling  a  fenflble  fhock  in  their 
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arms  and  feet,  who  only  happened  to  touch  the  wire,  at  the  time 
of  one  of  the  difcharges,  when  they  were  Handing  upon  the  wet 
Heps  which  led  to  the  river.  In  one  of  the  difcharges  made  upon 
this  occafion,  fpirits  were  kindled  by  the  fire  which  had  gone 
through  the  river  *. 

Upon  this,  and  the  fubfequent  occafions,  the  gentlemen  made 
ufe  of  wires,  in  preference  to  chains,  for  this,  among  other, 
reafons,  that  the  eledricity  which  was  conduded  by  chains  was 
not  fo  ftrong  as  that  which  was  conduded  by  wires.  This,  as 
they  well  obferved,  was  occafioned  by  the  jundures  of  the  links 
not  being  fufficiently  clofe,  as  appeared  by  the  flapping  and 
flafhing  at  every  jundure,  where  there  was  the  leaf  fepara- 
tion.  Thefe  leffer  flappings,  being  numerous  in  the  whole 
length  of  a  chain,  very  fenfbly  leffened  the  great  difcharge 
at  the  gun-barrel. 

THeir  next  attempt  was  to  force  the  eledrical  {hock  to  make 
a  circuit  of  two  miles,  at  the  New  River  at  Stoke  Newington. 
This  they  performed  on  the  24th  of  July  1747,  at  two  places; 
at  one  of  which  the  diftanee  by  land  was  eight  hundred  feet, 
and  by  water  two  thoufand;  in  the  other,  the  diftanee  by  land 
was  two  thoufand  eight  hundred  feet,  and  by  water  eight  thou- 
fand.  The  difpoftion  of  the  apparatus  was  fmilar  to  what  they 
before  ufed  at  Weftminfter  bridge,  and  the  effed  anfwered  their 
utmoft  expedations.  But,  as  in  both  cafes,  the  obfervers  at  both 
extremities  of  the  chain,  which  terminated  in  the  water,  felt  the 
{hock,  as  well  when  they  food  with  their  rods  fixed  into  the 
earth  twenty  feet  from  the  water,  as  when  they  were  put  into 
the  river;  it  occafioned  a  doubt,  whether  the  eledric  circuit  was 
formed  through  the  windings  of  the  river,  or  a  much  fhorter 
way,  by  the  ground  of  the  meadow :  for  the  experiment  plain- 


•  Phil.  Tranf.  abridged,  Vol.  x.  p.  394. 

iy 


/ 


P 


i06  Dr.  WATSONS  Part  L 

ly  (hewed,  that  the  meadow-ground,  with  the  grafs  on  it,  con¬ 
ducted  the  eledricity  very  well. 

By  fubfequent  experiments,  they  were  fully  convinced,  that 
the  eledricity  had  not,  in  this  cafe,  been  conveyed  by  the  water 
of  the  river,  which  was  two  miles  in  length,  but  by  land,  where 
the  diftance  was  only  one  mile  ;  in  which  fpace,  however,  the 
eledric  matter  muft  neceflarily  have  palfed  over  the  New  River 
twice,  have  gone  through  leveral  gravels  pits,  and  a  large  ftubble 
field  *. 

July  28th,  they  repeated  the  experiment,  at  the  fame  place* 
with  the  following  variation  of  circumftances.  The  iron  wire 
was,  in  its  whole  length,  fupported  by  dry  flicks,  and  the 
obfervers  flood  upon  original  eledrics ;  the  effed  of  which  was, 
that  they  felt  the  (hock  much  more  fenfibly  than  when  the 
conduding  wire  had  lain  upon  the  ground,  and  when  the  ob¬ 
fervers  had  likewife  flood  upon  the  ground,  as  in  the  former 
experiment. 

Afterwards,  every  thing  elfe  remaining  as  before,  the 
obfervers  were  direded,  inftead  of  dipping  their  rods  into  the 
water,  to  put  them  into  the  ground,  each  one  hundred  and  fifty 
feet  from  the  water.  They  were  both  fmartly  ftruck,  though 
they  were  diftant  from  each  other  above  five  hundred  feet  *f- 

The  fame  gentlemen,  pleafed  with  the  fuccefs  of  their  for¬ 
mer  experiments  undertook  another,  the  objed  of  which  was,  to 
determine,  whether  the  eledric  virtue  could  be  conveyed  through 
dry  ground;  and,  at  the  fame  time,  to  carry  it  through  wa¬ 
ter  to  a  greater  diftance  than  they  had  done  before.  For  this 
purpofe,  they  pitched  upon  Highbury-barn  beyond  Iflington,, 
where  they  carried  it  into  execution  on  the  5th  of  Auguft  1747. 
They  chofe  a  ftation  for  their  machine,  almoft  equally  diftant 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  360.  f  Ibid.  p.  357. 
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from  two  other  ftations  for  obfervers  upon  the  New  River ; 
which  were  fomewhat  more  than  a  mile  afunder  by  land,  and  two 
miles  by  water.  They  had  found  the  ftreets  of  London,  when 
dry,  to  condud  very  ftrongly,  for  about  forty  yards  ;  and 
the  dry  road  at  Newington  about  the  fame  diftance.  The  event 
of  this  trial  anfwered  their  expectations.-  The  eleCtric  fire 
made  the  circuit  of  the  water,  when  both  the  wires  and  the  ob¬ 
fervers  wrere  fupported  upon  original  eleCtrics,  and  the  rods 
dipped  into  the  river.  They  alfo  both  felt  the  fhock,  when  one 
of  the  obfervers  was  placed  in  a  dry  gravelly  pit,  about  three 
hundred  yards  nearer  the  machine  than  the  former  ftation,  and 
one  hundred  yards  diftant  from  the  river  :  from  which  the  gentle¬ 
men  were  fatisfied,  that  the  dry  gravelly  ground  had  conducted 

the  eleCtricity  as  ftrongly  as  water. 

From  the  fhocks  which  the  obfervers  received  in  their  bodies, 
when  the  eleCtric  power  was  conducted  upon  dry  flicks,  they 
were  of  opinion,  that,  from  the  difference  of  diftance  fimply 
confidered,  the  force  of  the  fhock,  as  far  as  they  had  yet  ex¬ 
perienced,  was  very  little,  if  at  all  impaired.  When  the  obfervers 
flood  upon  eleCtrics,  and  touched  the  water,  or  the  ground,  with 
the  iron  rods,  the  fhock  was  always  felt  in  their  arms  or  wrifls  ; 
when  they  flood  upon  the  ground  with  their  iron  rods,  they 
felt  the  fhock  in  their  elbows,  wrifls,  and  ancles;  and  when 
they  flood  upon  the  ground  without  rods,  the  fhock  was  alwrays 
felt  in  the  elbow  and  wrift  of  that  hand  which  held  the  conduct¬ 
ing  wire,  and  in  both  ancles 

The  laft  attempt  of  this  kind  which  thefe  gentlemen  made, 
and  which  required  all  their  fagacity  and  addrefs  in  the  conduCt 
of  it,  was  to  try  whether  the  eleCtric  fhock  was  perceptible  at 
twice  the  diftance  to  which  they  had  before  carried  it,  in  ground 
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perfectly  dry,  and  where  no  water  was  near  ;  and  alfo  to  dil- 
tinguifh,  if  poffible,  the  refpe&ive  velocity  of  electricity  and 
found. 

For  this  purpofe,they  fixed  upon  Shooter’s-hill,  and  made  their-' 
firfi:  experiments  on  the  14th  of  Auguft  1747?  a  time,  when*, 
as  it  happened,  but  one  fliower  of  rain  had  fallen  during  five 
preceding  weeks.  The  wire  communicating  with  the  iron  rod* 
which  made  the  difcharge,  was  fix  thoufand  feven  hundred  and 
thirty-two  feet  in  length,  and  was  fupported  all  the  way  upon 
baked  flicks ;  as  was  alfo  the  wire  which,  communicated  with 
the  coating  of  the  phial,  which  was  three  thoufand  eight  hun¬ 
dred  and  fixty-eight  feet  long,  and  the  obfervers  were  diftant  from 
each  other  two  miles.  The  refult  of  the  explofion  demonftrated* 
to  the  fatisfaClion  of  the  gentlemen  prefent,  that  the  circuit 
performed  by  the  eleClric  matter  was  four  miles,  viz.  two  miles 
of  wire,  and  two  of  dry  ground,  the  fpace  between  the  exr- 
tremities  of  the  wires  ;  a  diftance  which,  without  trial,  as  they 
juftly  obferved,  was  too  great  to  be  credited.  A  gun  was  difr 
charged  at  the  inftant  of  the  explofion,  and  the  obfervers  had 
flop  watches  in  their  hands,  to  note  the  moment  when  they  felt 
the  fhock:  but,  as  far  as  they  could  diftinguifh,  the  time  in 
which  the  ele&ric  matter  performed  that  vafi:  circuit  might  have 
been  inftantaneous  *. 

In  all  the  explofions  where  the  circuit  was  made  of  confiderable 
length,  it  was  oblerved,  that  though  thejj  phial  was  very  well 
charged,  yet  that  the  fnap  at  the  gun  barrel,  made  by  the  ex¬ 
plofion,  was  not  near  fo  loud  as  when  the  circuit  was  formed  in 
a  room;  fo  that  a  by-flander,  fays  Dr.  Watfon,  though  verfed 
in  thofe  operations,  would  not  imagine,  from  feeing  the  flafh, 
and  hearing  the  report,  that  the  ftroke,  at  the  extremity  of  the 
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conducing  wire,  could  have  been  conliderable  *  the  contrary 
whereof,  when  the  wires  were  properly  managed,  he  fays,  always 
happened. 

Still  the  gentlemen,  unwearied  in  thefe  purfuits,  were  de- 
firous,  if  poflible,  to  afcertain  the  abfolute  velocity  of  ele&ri- 
city  at  a  certain  diftance  ;  becaufe  though,  in  the  laft  experi¬ 
ment,  the  time  of  it’s  progrefs  was  certainly  very  fmall,  if  any, 
they  were  defirous  of  knowing,  fmall  as  that  time  might  be, 
whether  it  was  meafureable,  and  Dr.  Watfon  had  contrived  an 
excellent  method  for  that  purpofe. 

Accordingly,  on  the  5th  of  Auguft  1748,  the  gentle¬ 
men  met  once  more,  and  the  laft  time,  at  Shooter’s-hill;  when 
it  was  agreed  to  make  an  ele&ric  circuit  of  two  miles,  by 
feveral  turnings  of  the  wire,  in  the  fame  field.  The  middle  of 
this  circuit,  they  contrived  to  be-  in  the  fame  room  with  the 
machine,  where  an  obferver  took  in  each  hand  one  of  the 
extremities  of  the  wires,  each  of  which  was  a  mile  in  length.  In 
this  excellent  difpofition  of  the  apparatus,  in  which  the  time  be¬ 
tween  the  explofion  and  the  fhock  might  have  been  obferved  to 
the  greateft  exaCtnefs,  the  phial  was  difcharged  feveral  times;  but 
the  obferver  always  felt  himfelf  {hocked  at  the  very  inftant  of 
making  the  explofiom  Upon  this  the  gentlemen  were  fully  fa- 
tisfied,  that  through  the  whole  length  of  this  wire,  which  was 
I2276feet,  the  velocity  of  the  eleCtric  matter  was  inftantaueous  *. 

These  experiments  excited  the  admiration  of  all  foreign  electri¬ 
cians.  Profeflor  Mufchenbroeck,  who  was  greatly  fatisfied  with 
the  extent  and  fuccefs  of  them,  faid,  in  a  letter  to  Dr.  Watfon, 
upon  the  occafion,  Magnificent  ififimis  tuis  experiment  is  fuperajli . 
conat us  omnium. 

*  Phil,  Tranf.  abridged,  Vol.  x.  p.  36S. 


It 


I  10 


Dr.  WATSON’s 


Part  I. 


It  is  faid  by  fome,  that  the  laft  of  thefe  experiments  go 
upon  a  wrong  fuppofition,  and  therefore  can  be  of  no  ufe;  it 
being  fuppofed  that  the  very  fame  particles  of  the  eledric  fluid, 
which  were  thrown  on  one  fide  of  the  charged  glafs,  adually 
made  the  whole  circuit  of  the  intervening  conductors,  and  ar¬ 
rived  at  theoppofite  fide:  whereas  Dr.  Franklin’s  theory  only  re¬ 
quires  that  the  deficiency  on  one  fide  of  the  glafs  be  fupplied 
from  the  neighbouring  condudors ;  which  may,  in  return,  re¬ 
ceive  as  much  as  they  parted  with,  from  the  fide  of  the  glafs 
that  was  overcharged.  So  that,  to  be  a  little  more  particular, 
the  redundancy  of  eledric  matter  on  the  charged  fide  of  a 
pane  of  glafs,  only  pafles  into  the  bodies  which  form  that  part 
of  the  circuit  which  is  contiguous  to  it,  driving  forward  that  part 
of  the  fluid  which  was  natural  to  them;  till,  at  length,  the  fluid 
which  refided  in  thofe  condudors  which  formed  the  laft  part  of 
the  circuit,  pafles  into  the  exhaufted  fide  of  the  glafs. 

But  fhould  this  be  the  cafe  (though  in  great  difcharges  it  fup- 
pofes  the  natural  quantity  of  eledricity  in  bodies  to  be  very 
confiderable)  and  fhould  Dr.  Watfon,  and  other  philofophers 
at  that  time,  have  conceived  otherwife;  it  does  not  follow,  that 
the  experiments  could  poflibly  determine  nothing:  for  there  ftill 
remains  fomething  to  be  meafured,  viz.  the  time  required  for 
the  fucceflive  diflodging  the  eledric  fluid  in  the  whole  length 
of  the  circuit. 

Were  the  whole  mafs  of  the  eledric  matter  contained  in  all 
the  intervening  condudors  abfolutely  folid,  no  motion  could  be 
made  at  one  extremity,  without  producing  an  inftantaneous  mo¬ 
tion  at  the  other ;  juft  as  if  one  end  of  a  rod  be  ftruck,  the  mo¬ 
tion  is  inftantly  communicated  to  the  other  end.  But  this 
cannot  be  the  cafe  in  an  elaftic  medium,  the  parts  of  which  yield 
to  one  another.  In  this  cafe,  the  motion  is  communicated  in 

a  real 
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a  real  fuccefiion,  like  a  vibration,  running  the  whole  length  of 
thecirpuit;  which  mud  therefore  take  up  time,  and  be  meafur- 
able.  The  motion  of  found  may  be  meafured,  though  no 
particle  of  the  vibrating  air  be  finally  difplaced.  Thefe  great 
experiments  of  Dr.  Watfon,  therefore,  had  a  real  objed,  only  it 
appeared  to  be  too  fmall  to  be  afcertained  by  them. 
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SECTION  IIL 


Miscellaneous  discoveries  of  Dr.  WATSON,  and 
OTHERS,  BEFORE  THE  TIME  OF  D«.  FRANKLIN. 


HE  firft  of  tliefe  difcoveries  in  order  of  time,  and  in 


1  importance  fecond  to  none  (except  that  of  the  fhock  itfelf, 
and  Dr.  Franklin’s  difcovery  of  the  different  electricity  of  the  op- 
pofite  fides  of  the  charged  glafs)  was  that  of  Dr.  Watfon,  prov¬ 
ing,  that  the  glafs  tubes  and  globes  did  not  contain  the  eleCtric 
power  in  themfelves,  but  only  ferved  as  firft  movers ,  and  deter¬ 
miner  as  he  calls  it,  of  that  power. 

He  was  firft  led  to  this  difcovery  by  obferving,  that,  upon 
rubbing  the  glafs  tube,  while  he  was  ftanding  upon  cakes  of 
wax  (in  order,  as  he  expected,  to  prevent  any  of  the  eleCtric 
power  from  diicharging  itfelf  through  his  body  upon  the  floor) 
the  power  was,  contrary  to  his  expectation,  fo  much  leflened, 
that  no  fnapping  could  be  obferved  upon  another  perfon’s  touch¬ 
ing  any  part  of  his  body ;  but  that  if  a  perfon  not  electrified 
held  his  hand  near  the  tube,  while  it  was  rubbed,  the  fnapping 
was  very  fenfible  *. 

The  event  was  the  fame  when  the  globe  was  whirled  in 
fimilar  circumftances.  For  if  the  man  who  turned  the  wheel, 
and  who,  together  with  the  machine  was  fufpended  upon  filk, 


Phil.  Tranf.  abridged,  Vol.  x  p.  303. 


touched 


Per.  Vill.  Sec. Ill 


OF  Dr.  WATSON.  - 


1 1 3 

touched  the  floor  with  one  foot,  the  eleCtric  fire  appeared  upon 
the  conductor  ;  but  if  he  kept  hirafelf  free  from  any  communica¬ 
tion  with  the  floor,  no  fire  was  produced. 

Dr.  Watson  by  this,  and  the  following  experiments  in  con¬ 
junction,  difcovered,  what  he  calls,  the  complete  circulation  of 
the  eleCtric  matter.  He  obferved,  that  only  a  fpark  or  two 
would  iflue  from  his  hand  to  the  infulated  machine,  unlefs  he, 
at  the  fame  time,  formed  a  communication  between  the  con¬ 
ductor  and  the  floor ;  but  that  then  there  was  a  conftant  and  co¬ 
pious  flux  of  the  eleCtric  matter  to  the  machine. 

Observing,  that  while  his  hand  was  in  contaCt  with  the 
conductor,  the  man  who  turned  this  infulated  machine  gave 
fparks,  which  would  fire  inflammable  fubflances,  and  perform 
other  eleCtrical  experiments  which  were  ufually  performed  at 
the  conductor ;  he  naturally  imagined,  that  the  f  re  iflued  from 
the  man,  for  the  very  fame  reafon  that  all  eleClricians  had  be¬ 
fore  imagined  that  it  came  from  the  conductor;  and  feeing  that 
the  man  gave  no  fire  unlefs  there  was  a  communication  between 
the  floor  and  the  conductor,  he  concluded  that,  in  this  cafe,  the 
fire  was  fupplied  by  that  communication,  fo  that  the  courfe 
of  the  eleCtricity  was  inverted,  as  he  expreffes  it  *. 

It  was  not  then  fufpeCted,  that  'the  eye  could  not  did in- 
guifh  in  what  direction  an  eleCtric  fpark  proceeds.  Electri¬ 
cians  naturally  imagined  that  all  eleCtric  powers,  and  confe- 
quently*  the  eleCtric  fluid,  which  they  fuppofed  to  be  the 
caufe  of  thefe  powers,  exifted  in  the  excited  eleCtric,  whatever 
it  was;  and  that  whatever  powers  were  exerted  by  electrified 
bodies,  proceeded  from  a  real  communication  of  eleCtric  mat¬ 
ter  to  them.  Accordingly,  when  Dr.  Watfon  found  that,  by 
cutting  off  the  communication  of  the  eleCtric  with  the  floor,  all 
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eledrical  operations  were  flopped,  he  concluded,  that  the  elec¬ 
tric  fluid  was  colleaed  from  the  floor  to  the  rubber,  and  thence 
conveyed  to  the  globe.  For  the  fame  reafon,  feeing  the  rub¬ 
ber,  or  the  man  who  had  a  communication  with  it,  give  no 
fparks  but  when  the  conductor  was  conneded  with  the  floor,  he 
would  as  naturally  conclude  that  the  globe  was  fupplied  from  the 
conductor,  as  he  had  before  concluded  that  it  was  fupplied  from 

the  rubber. 

Comparing  both  thefe  experiments  together.  Dr.  Watfon 
was  led  to  infer,  that,  in  all  eledrical  operations,  there  was 
both  an  afflux  of  eledric  matter  to  the  globe,  and  the  conductor, 
and  likewife  an  efflux  of  the  fame  electric  matter  from  them  . 

Finding  that  apiece  of  leaf  filver  was  fufpended  between  a 
plate  electrified  by  the  condudor,  and  another  communicating 
with  the  floor,  he  reafons  from  it  in  the  following  manner. 
“  No  body  can  be  fufpended  in  equilibrio  but  by  the  joint 
n  a£tion  of  two  different  directions  of  power:  fo  here,  the  blaft 
u  of  eledric  ether  from  the  excited  plate  blows  the  fllver 
towards  the  plate  unexcited,  and  this  laft,  in  its  turn,  by  the 
«  blaft  of  eledric  ether  from  the  floor  fetting  through  it,  drives 
«  tbe  filver  towards  the  plate  eledrified.  We  find  from 
tc  hence,  likewife,  that  the  draught  of  eledric  ether  from  the  floor 
“  is  always  in  proportion  to  the  quantity  thrown  by  the  globe 
tt  over  the  gun  barrel,  or  the  equilibrium  by  which  the  filver  is 
11  fufpended  could  not  be  maintained  j\” 

Dr.  Watson  obferves,  that  the  Abbe  Nollet,  two  years 
before  he  made  this  communication,  had  given  it  as  his  opinion 
(though  without  any  experiment  which  proved  it)  that  the  elec¬ 
tric  matter  did  not  only  proceed  from  the  eledrified  bodies,  but 
from  all  others  about  them,  to  a  certain  diftance  $. 
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S  >me  time  after  this,  Dr.  \v  atfon  oblerves,  in  a  papei  ret.d  at 
the  Royal  Society,  January  21ft,  1748,  that  Dr.  Bevis  had  car¬ 
ried  his  experiment,  to  prove  that  rubbing  the  tube  or  the 
globe,  only  conveyed,  and  did  not  produce  the  eledric  matter, 
farther  than  he  had  done.  For  he  had  obferved,  above  a  year 
before,  that  placing  one  man  upon  eledrics,  to  rub  the  tube  or 
globe,  and  another  alfo.  upon  eledrics  to  touch  tnem,  as  the  con¬ 
ductor  ;  both  the  man  who  rubbed,  and  the  man  who  touched 
the  excited  glafs  would  give  a  fpark;  and  farther,  that  if  they 
touched  one  another,  the  flapping  was  much  greater  than 
if  either  of  them  touched  a  perfon  handing  upon  the  floor.  Upon 
this  the  Dodor  feems  to  have  correded  his  foimer  opinion  of 
the  afflux  and  efflux  of  eledric  matter :  for  he  accounts  for  this 
fad  by  fuppofng,  that  as  much  eledricity  as  was  taken  from 
the  perfon  rubbing  was  given  to  him  who  touched  the  con- 
dudor,  being  conveyed  by  the  globe.  By  this  means  the  elec¬ 
tricity  of  the  former  of  thefe  perfons,  he  obferves,  was  more 
rare  than  it  naturally  was,  and  that  of  the  latter  more  denfe  ;  fo 
that  the  denfity  of  eledricity  between  thefe  two  perfons  differed 
more  than  that  between  either  of  them,  and  another  perfon 
Handing  upon  the  floor.  In  this  manner  did  Dr.  Watfon  difco- 
ver,  what  Dr.  Franklin  obferved,  about  the  fame  time,  in  Ame¬ 
rica,  and  called  the  plus  and  minus  in  eledricity 

Dr.  Watson  obferved  that  the  flame  at  the  end  of  an  elec¬ 
trified  wire  was  fenfible  to  the  hand,  as  a  cool  blaft  of  wind, 
and  that  when  light  fubftances  were  attraded  and  repelled  be¬ 
tween  an  eledrified  plate  and  one  communicating  with  the 
floor,  the  fucceffion  of  thefe  alternate  attradions  and  repul- 
fions  was  extremely  quick,  fo  that  fometimes  the  eye  could  hard¬ 
ly  keep  pace  with  it;  and  that  when  a  glafs  globe,  of  about  an 
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inch  in  diameter,  very  light  and  finely  blown,  was  put  upon  a 
plate  of  metal,  and  another  plate  hung  on  the  condudor 
over  it,  the  flrokes  from  the  alternate  attradions  and  repul- 
fions  were  almofl  too  quick  for  the  ear.  From  this  laft  expe¬ 
riment  he  likewife  deduced  an  argument  to  prove  the  ex¬ 
treme  velocity  with  which  thefe  glafs  globes  were  attraded  and  re¬ 
pelled.  He  fays,  that  if  they  were  let  fall  from  the  height  of  fix 
feet  or  more  upon  a  wooden  floor,  or  even  a  plate  of  metal,, 
they  were  rarely  broken;  but  that  by  the  attradion  and  repul- 
flon  of  them  between  thefe  plates,  though  at  the  difiance  of  no. 
more  than  one  fixth  of  an  inch,  they  were  frequently  beaten  to.> 
pieces 

The  Dodor  alfo  proved,  that  the  eledric  matter  paffed 
through  the  fubftances  of  the  metal  of  communication,  and 
not  over  the  furface  of  it,  by  covering  a  wire  with  a  mixture 
of  wax  and  rofin,  and  difcharging  a  phial  through  it. 

I  must  here  obferve,  that  Mr.  Monnier  the  younger 
difcovered,  that  eledricity  is  not  communicated  to  homoge¬ 
neous  bodies  in  proportion  to  their  maffes  or  quantity  of  mat¬ 
ter,  but  rather  in  proportion  to  their  furfaces ;  and  yet  that  all 
equal  furfaces  do  not  receive  equal  quantities  of  eledricity,  but 
that  thofe  receive  the  moft  which  are  moft  extended  in  length ; 
that  a  fquare  fhect  of  lead,  for  inftance,  received  a  much  lefs 
quantity  of  eledricity  than  a  ftnall  ff rip  of  the  fame  metal  with  a 
furface  equal  to  that  of  a  fquare  fheet  ■f'. 

Mr.  Wilson,  whofe  curious  obfervations  on  the  Leyden 
phial  have  been  mentioned  in  a  former  fedion,  claims  no  fmall 
fhare  of  honour  in  this.  As  early  as  the  latter  end  of  the  year 
1746,  he  made  the  fame  difcovery  that  Dr.  Watfon  had  done, 
viz.  that  the  eledric  lluid  did  not  come  from  the  globe,  but  from 

*  Phil.  Tranf.  abridged,  Vol.  x.  p,  309.  f  Ibid.  p.  338. 
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the  earth  itfelf,  and  from  all  other  non-ele&ric  bodies  about  the 
apparatus.  He  fuggefted  a  method  of  proving  this  in  a  letter  to 
Mr.  Ellicott  from  Chefter  ;  and  mentions  his  having  completed 
the  experiment  himfelf  loon  after,  in  a  letter  to  IVli.  omeaton, 

from  Dublin. 

Having  conceived  that  the  difference  between  ele&ric  and 
non-eledric  bodies  was  owing  to  the  different  refiftance 
which  a  fubtle  medium,  as  he  calls  it,  on  the  furfaces  01  all 
bodies  gave  to  the  paifage  of  the  eledric  fluid ;  and  conceiving 
that  heat  would  rarify  this  medium,  and  thereby  convert  elec¬ 
trics  into  non-eledrics,  he  made  fome  experiments  which  con¬ 
firmed  him  in  that  fuppofltion.  He  found  that  one  perfon  might 
communicate  ele&ricity  to  another,  notwithflanding  the  inter¬ 
vention  of  a  conflderable  quantity  of  red-hot  glafs.  He  alfo 
made  other  experiments  of  a  fimilar  nature,  as  difcharging  phials 
by  means  of  hot  glafs,  hot  amber,  and  various  other  heated 
eledrics.  Thefe,  however,  as  Mr.  Canton  afterwards  obferv- 
ed,  might  be  owing  to  the  hot  air  upon  the  furiaces  o±  thofe 
bodies,  which  he  found  to  tranfmit  elect licity  veiy  well.  But 
another  experiment,  which  IVIr.  Wilfon  made  upon  melted  io~- 
fin,  does  not  feem  liable  to  that  objection.  He  ponied  the  melt¬ 
ed  rofln  into  a  phial,  and  found  that  he  could  give  fhocks 
with  it;  but  he  obferved,  that  thefe  fhocks  diminifhed  as  the 
rofln  grew  cold,  and  that  when  it  was  quite  cold,  they  entirely 

ceafed  *. 

Mr.  Wilson  mentions  a  curious  experiment  (of  which,  how¬ 
ever,  he  does  not  fay  that  he  was  the  inventor)  which  he  made 
with  paper  vanes  ftuck  in  a  cork,  and  fuipendeu  by  a  magnet. 
Thefe,  he  fays,  if  they  were  brought  near  the  point  of  any  body 
proceeding- from  the  prime  conductor,  would  turn  round  very 


*  Wilfon’s  EfTay,  p.  143.. 
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fwiftly,  but  would  not  turn  at  all  in  vacuo.  This  blaft  he 
thought  was  occafioned  by  the  ifiuing  of  the  eledric  matter 
out  of  the  point,  which  caufed  a  current  in  the  air ;  but  he  did 
not  try  what  would  be  the  confequence  of  prefenting  the  vanes 
to  a  point  which  received  the  eledric  fluid 

Lastly,  Mr.  Wilfon  obferved,  that  if  a  needle  were  prefent- 
ed  to  a  piece  of  down  hanging  to  the  condudor,  it  would 
cling  clofe  to  it ;  but  that,  upon  prefenting  any  thing  that  was 
blunt,  it  would  be  repelled  again ;  and  fays  that  Mr.  Canton 
made  feveral  curious  experiments  of  the  fame  kindf. 

Mr.  Smeaton,  within  this  period,  obferved,  that  if  a  man 
who  was  infulated  prefled  againft  the  globe  with  the  flat  part  of 
his  hand,  while  another  perfon,  handing  on  the  floor,  did  the 
fame,  in  order  to  excite  it,  the  perfon  who  was  infulated  would 
hardly  be  eledrified  at  all ;  but  that,  if  he  only  laid  his  lingers 
lightly  on  the  globe,  he  would  be  eledrified  very  flrongly  J. 
The  fame  ingenious  perfon  alfo  obferved,  that  upon  heating 
the  middle  of  a  large  bar  of  iron  to  a  glowing  heat,  and  eledri- 
fying  it,  the  eledric  power  of  the  part  that  was  heated  was  as 
firong  as  that  of  the  cold  part  §. 

Fo;<  feveral  curious  difcoveries  relating  to  eledricity,  made 
within  this  period,  we  are  indebted  to  Dr.  Miles.  In  a 
paper  read  at  the  Royal  Society,  January  25th,  1746)  he 

fays,  that  having  excited  a  flick  of  black  fealing-wax  with 
white  and  brown  paper,  or  cle^n  dried  flannel,  he  was  able 
to  kindle  common  lamp-fpirits  with  it.  Comparing  the  Aide  of 
wax  with  the  glafs  tube,  he  obferved  a  remarkable  difference 
between  the  appearance  of  fire  from  both,  though  he  did  nGt 
underhand  the  reafon  of  it.  He  fays  he  found  the  luminous 
effluvia  to  proceed  in  a  much  greater  quantity  from  the  top  of 

*  Wilfon’6  Eflay,  p.  141.  f  Ibid.  %  Ibid.  p.  153. 

$  Ibid.  p.  129. 
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his  .finger  to  the  flick  of  wax,  than  they  did  to  the  glafs.  He 
feveral  times  obferved  a  finall  globular  fpot  of  fire  to  appear  firfl 
on  his  finger,  from  which  1  {Tued  regular  fireams  towards  the 
wax,  in  the  form  of  a  comet’s  tail.  This  is  now  well  known 
to  be  the  conftant  appearance  of  the  eledric  fire  between  an  un- 
eledrified  body  and  an  eledric  excited  negatively  *. 

Dr  Miles  found  a  hick  of  fulphur  to  perform  very  well;  but 
not  at  all,  when  he  had  put  an  iron  rammer  in  the  center  of  it, 
to  {Lengthen  it.  It  is  remarkable,  that  after  fetting  this  ftick 
upright  in  a  cupboard,  it  loft  aft  its  eledric  virtue,  and  could 
never  afterwards  be  excited  in  the  leaft  degree.  This  effed  the 
Dodor  attributed  to  its  being  put  up  without  any  cover. 

Dr.  Miles  alfo  mentions  his  having  got  a  tube  of  green 
glafs,  which  he  could  never  excite  but  with  great  difficulty,  and 
then  but  to  a  fmall  degree  f . 

The  lame  ingenious  gentleman,  Tome  time  after,  mace  an  ex¬ 
periment  upon  pieces  of  leaf  brafs  in  a  bottle  hermetically  fealed. 
To  thefe  he  found  he  could  give  motion  by  the  approach  of 
the  excited  tube,  in  the  fame  manner  as  if  they  had  been  in  the 
open  air ;  but  one  appearance  ftruck  him,  of  which  he  by  no 
means  gives  a  fatisfadory  account.  He  obferved  that  when  he 
removed  the  tube  from  the  exhaufted  glafs  flowly,  no  commotion 
was  feen  in  the  leaf  brafs,  but  a  very  brifk  one  upon  removing 
it  fuddenly.  Indeed  this  fad  could  not  have  been  underftood  but 
by  comparing  it  with  other  fads  depending  upon  the  fame  prin¬ 
ciple,  and  which  were  not  difeovered  till  fome  years  after  X- 

From  England,  to  which,  as  an  Englifhman,  I  would  give 
the  preference  only  in  matters  of  abfolute  indifference,  I  pafs 
over  to  France,  where,  next  to  thofe  made  in  England,  the 
moft  important  difeoveries,  and  greateft  number  of  them  were 

*  Wilfon’s  Elfay,  p.  317.  t  PM*  Tranf.  abridged,  Vol,  x-  p.  320. 
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made  in  the  period  of  which  I  am  treating.  And,  without  all 
difpute,  the  greateft  name  in  France,  in  this  or  any  other  pe¬ 
riod,  except  that  of  Mr.  Du  Fay,  his  friend  and  affociate,  is 
that  of  the  Abbe  Nollet. 

The  favourite  obfervation  of  Mr.  Nollet,  on  which  he  built 
his  darling  theory  of  affluences  and  effluences  was,  that  bodies 
not  infulated,  plunged  in  eleCtric  atmofpheres,  fhewed  figns  of 
electricity.  He  obferved  a  fenfible  blafb  from  the  hand  of  a  per- 
fon  not  eleCl  rifled,  in  the  above  mentioned  circumftances,  alfo 
the  attraction  and  repulfion  of  light  bodies  by  them,  the 
appearance  of  flame,  the  diminution  of  their  weight  by  in- 
creafed  evaporation  and  perfpiration,  and  almoft  every  other  ap¬ 
pearance  and  elfeCt  of  electricity.  Moreover  obferving  that  his 
globe  contracted  a  foulnefs  while  it  was  whirling,  even  when 
rubbed  with  a  clean  hand,  he  had  the  curioflty  to  colleCt  a  quan¬ 
tity  of  the  matter  which  formed  that  foulnefs ;  and  finding  that, 
when  it  was  put  into  the  fire,  it  had  the  fmell  of  burnt  hair,  he 
concluded  that  it  was  an  animal  fubftance;  and  that  it  had  been 
carried  by  the  affluent  electricity  from  his  own  body  to  the 
globe  *. 

The  only  miftake  of  this  ingenious  philofopher  in  thefe  ex¬ 
periments,  and  which  was  the  fource  of  many  others,  which, 
in  the  end,  greatly  bewildered  and  perplexed  him,  was,  that 
the  eleCtricity  of  the  body,  which  was  plunged  in  the  atmofphere 
of  an  electrified  body,  was  of  the  fame  nature  with  that  of  the 
eleCtrifled  body.  Had  he  but  preferved  the  diftinCtion,  which 
Mr.  Du  Fay  had  difcovered,  between  the  two  electricities,  and 
imagined  that  the  body  eleCtrifled,  and  that  which  wTas  plunged 
in  its  atmofphere  were  poffeffed  of  thefe  two  different  and  oppo- 
fite  electricities,  he  might  have  been  led  to  the  great  difcoveries 

*  Nollet’s  Rccherches,  p.  142. 
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'made  by  Mr.  Canton,  Dr.  Franklin,  and  Mr.  Wilcke ;  which, 
we  fhall  find,  atofe  from  that  fingle  obfervation;  and  he  would 
have  avoided  ,a  great  deal  of  debate  and  contention,  which  has 
not  ended  to  his  advantage. 

This  partial  difcovery  of  Mr.  Nollet  is  by  no  means  the  only 
one  of  his,  that  the  hiftory  of  eledricity  prefents  in  this  period. 
He  made  feveral  experiments  on  pointed  bodies,  and  obferved, 
that'  thofe  which  had  the  fmalleft  points  fooneft  threw  outbrufhes 
of  eledric  light,  but  did  not  fhow  other  figns  of  eledricity  fo 
ftrong  as  bodies  that  were  not  pointed*. 

He  took  a  great  deal  of  pains  in  making  experiments,  in 
order  to  determine  the  degree  in  which  different  fubftances  con- 
duded  the  eledric  fluid;  and  found  that  the  fmoke  of  gum 
lac,  turpentine,  karabe,  and  fulphur  did  not  carry  away  the  elec¬ 
tricity  of  an  excited  tube  fo  foon  as  the  fmoke  of  linen,  vcood, 
and  more  efpecially  the  fleam  of  water,  and  the  effluvia  of  burn¬ 
ing  tallow,  and  of  other  fatty  fubftances.  In  fhort,  he  found, 
that  vapours  which  were  not  watery  did  very  little,  or  no  injury 
to  eledrical  experiments,  provided  the  tube  was  not  expofed  to 
them  near  the  fire  which  caufed  them.  A  frnoky  room  did  not 
prevent  his  performing  experiments,  at  leaft  in  any  great  de¬ 
gree  ;  nor  were  odoriferous  effluvia  at  all  prejudicial  to  them  -j-. 

Several  curious  obfervations  were  made  by  the  Abbe  upon 
heat,  and  heated  bodies.  He  found,  that  a  piece  of  iron  glow¬ 
ing  hot,  fo  as  to  throw  off  ignited  particles,  did  not  leave  the 
fmalleft  trace  of  eledricity  in  an  excited  tube,  to  which  it  had  been 
brought  within  five  or  fix  inches,  and  only  held  there  two  or  three 
feconds;  but  it  ceafed  to  affed  the  tube  at  the  fame  diftance  be¬ 
fore  it  ceafed  to  be  red,  and  had  no  influence  at  all  long  before 
it  was  cold.  The  eledricity  of  the  tube,  in  this  inftance,  was 


•  Recherches,  p.  146.  +  Ibid.  p.  194,  &c. 
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probably  conveyed  through  the  air  heated  by  the  iron;  as  it 
can  hardly  be  fuppofed,  that  the  iron  emitted  any  effluvia  capable- 
of  producing  that  effect  A 

He  found  that  the  excited  tube  loft  nothing  of  its  eledricity  in 
the  focus  of  a  burning  mirror.  That  the  flame  of  a  candle* 
or  the  near  approach  of  it,  would  deftroy  eledricity  had  been 
known  before :  he  obferved,  that  the  flame  was  fenfibly  difturb- 
ed  by  the  approach  of  the  excited  tube,  and  he  mentions  Mr. 
Du  Tour,  and  the  Abbe  Needham’s  having  found,  that  the  in- 
terpofition  of  the  thinneft  piece  of  glafs,  or  of  any  other  ftib- 
ftance,  between  the  candle  and  the  tube  prevented  the  diflipation 
of  the  eledricity.  From  this  fad  it  was  inferred,  that  the  difli¬ 
pation  was  owing  to  fome  effluvia  proceeding  from  the  candle  f. 

Continuing  his  obfervations  on  what  increafed  or  impeded 
electrical  experiments,  he  found,  that  a  light  body,  placed 
on  a  non-eledric  ftand,  moved  more  briftdy  upon  the  approach 
of  an  eledrified  body,  than  when  it  was  placed  upon  an  elec¬ 
tric  ftand  J.  Several  eledrical  experiments,  he  obferved,  fuc- 
ceeded  beft  when  there  was  a  number  of  fpedators  prefent, 
and  when  they  drew  near,  and  flood  clofe  together  to  fee  his 
experiments ;  provided  they  did  not  occafion  fo  great  a  per- 
fpiration  as  made  his  glafles  moift  §.  This  obfervation  we  fhall 
And  accounted  for  hereafter  by  Mr,  Wilcke. 

The  Abbe  moiftened,  with  water  or  fpirit  of  wine,  a  {lender 
and  pointed  bar  of  iron,  and  thought  that  the  blaft  from  the- 
point  of  it  was  more  fenfible  than  when  it  was  not  moiftened ; 
which  he  attributed  to  the  eledric  fluid  carrying  away  with  it 
fome  of  the  particles  of  the  water,  and  of  the  fpirit  of  wine  |[. 

Some  few  obfervations  the  Abbe  made  on  the  difference  be¬ 
tween  excited  and  communicated  eledricity,  and  between  the- 


*  Recherches,  p.  216, 
§  Ibid.  p.  1 23. 
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electricity  of  glafs  and  that  of  fulphur.  He  obferved,  that  the 
eledtricity  of  an  excited  globe  or  tube,  caufed  an  odd  fenfation  up¬ 
on  the  face,  as  if  a  fpider’s  web  were  drawn  over  it;  whereas  that 
effeit  was  feldom  produced  by  communicated  eleClricity.  Ex¬ 
cited  eledricity,  he  alfo  fays,  might  be  perceived  by  the  fmell, 
at  more  than  a  foot  diftance,  when  communicated  eledricity 
could  not  A 

He  melted  fulphur  in  a  glafs  globe,  by  turning  it  over  a 
chafing  difh  of  burning  coals ;  when  he  obferved,  that  final! 
pieces  of  fulphur,  before  they  were  melted,  were  attracted  and 
repelled  by  the  glafs  within,  at  the  fame  time  that  the  allies  of  the 
coals  were  attracted  without  f.  Holding  a  piece  of  excited  ful¬ 
phur  in  one  hand,  with  a  piece  of  down  flicking  to  it,  and 
ready  to  fly  off,  the  down,  he  fays,  would  cling  fall  to  the  fulphur* 
upon  prefenting  to  it  an  excited  glafs  tube,  which  he  held  in  his 
other  hand  [f. 

I  shall,  in  the  laft  place,  recite  the  Abbe  Nollet’s  experi¬ 
ments  made  in  vacuo.  He  found  that  glafs,  and  other  elec¬ 
trics,  might  be  excited  in  vacuo,  but  not  fo  flrongly  as  in  the 
open  air  §.  He  obferved  that  there  was  a  remarkable  difference 
between  the  appearance  of  the  eleClric  light  in  vacuo,  and  in  the 
open  air ;  being  much  more  diffufe,  and  unbroken  in  vacuo  ||, 
Inferting  the  extremity  of  his  conduClor  into  an  exhaufled 
glafs  veflel,  he  obferved  the  veffel  to  be  full  of  light,  whenever 
he  brought  his  hand  to  it ;  that  the  light  was  conliderably  in- 
creafed  when  he  fpread  his  hand  over  it ;  and  that  when  a  fpark 
•was  taken  from  the  conduClor,  the  whole  veflel  feemed  to  be 
full  of  light.  He  alfo  obferved,  that  fmall  pieces  of  metal,  in- 
clofed  in  the  veflel,  adhered  clofe  to  the  glafs ;  but  detached 

f  Ibid.  p.  184.  t  Ibid.  p.  124. 
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iliemfelves  from  it,  on  the  approach  of  the  finger,,  or  of  any 
conductor  on  the  outfide. 

M.  Monnier  attempted,  in  an  ingenious  method,  to  be  cer¬ 
tain  whetlier  the  quantity  of  electricity  communicated  to  a  body 
was  in  proportion  to  its  folid  or  fupcrficial  contents.  He  firft> 
found  that  an  anvil  which  weighed  two  hundred  pounds,  gave-  * 
but  an  inconfiderable  fpark,  while  the  fpark  from  a  fpeaking-- 
tmmpet  of  tin,  which  weighed  but  ten  pounds,  but  was  eight  or 
nine  feet  long,  was  almoft  equal  to  the  fhock  of  the  Leyden - 
phial.  He  then  obferved,  that  a  ball  of  lead  four  inches  in  dia¬ 
meter,  gave  a  fpark  of  the  fame  force  with  another  from  a  thin 
piece  of  lead  of  the  fame  fuperficies,  in  the  form  of  a  hoop.. 
And,  laftly,  he  took  a  thin  and  long  piece  of  lead,  and  obferved, 
that  when  it  was  electrified  in  its  whole  length,  it  gave  a  very* 
ilrong  fpark,  but  a  very  fmall  one  when  it  was  rolled  into  a; 
lump.  But,  becaufe  a  fquare  piece  of  lead  did  not  give  a  fpark, 
equal  to  one  from  a  piece  of  the  lame  quantity  of  iurface,  but  of 
treater  length,  he  concluded  that,  though  eledrification  is  ftronger 
in  proportion  to  the  furfaces  of  electrified  bodies,  yet  that,  of 
equal  furfaces,  that  which  is  drawn  out  to  the  greateft  length 
will  have  the  advantage  *. 

There  are  a  few  other  names  of  electricians  in  France,  whofa 
experiments  and  obfervations,  made  within  this  period,  delerve 
to  be  mentioned.  Of  thefe  is  Mr.  Boulanger.  He  took  great 
pains  to  determine  the  degree  in  which  different  fubftances  are 
capable  of  being  excited.  The  experiments,  he  fays,  were  made 
with  the  greateft  care  :  and  though  the  ftate  of  the  fcience  did  not 
admit  of  this  buftnefs  being  determined  with  greater  accuracy, , 
it  may  not  be  difagreeable  to  fee  the  reiult  of  them  ;  which  he  has 
comprifed  in  the  following  table,  beginning  with  thofe  that  arej 
leaft  excitable  in  every  column. 


*  Ac,  Par.  1746.  M.  p.  693. 
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FIRST  COLUMN.  THIRD  COLUMN. 


Ebony. 
Guiacum. 
Box  wood. 
Sandal  wood'. 


Oak. 

Elm. 

Afh. 


Linden  tree. 

Rofe. 

Willow.. 


Ozier. 

Cork. 

Dry  wood  of  all  kinds. 
All  dry  plants. 


SECOND  COLUMN*. 


Shells  of  all  kinds. 
Whalebone. 

Bones. 

'  Ivory. 

Horn. 

Scales. 

Parchment. 

Hair. 

Wool. 

Feathers. 

Cotton. 

Silk. 


Alum. 

Sugar  Candy. 

The  Phofphorus  of  Berne*. 
Yellow  and  white  wax. 

Japan  varnifh. 

Sandarac. 

Maftich.. 

Amber. 

Jet. 

Pitch. 

Gum  copaL 
Gum  lac. 

Colophonia. 

Sulphur. 

Sealing-wax. 

All  falts  which  have  fufficient 
confiftence. 

All  refins. 

FOURTH  COLUMN. 

Loadftone. 

Hand-ftone. 

Marble  of  all  colours. 

Slate. 

Free-ftone. 

Granite. 

Porphyry. 

Jafper. 


Varniflied . 
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Yarn ilhed  earth. 

Cat’s  eye. 

Cornelians. 

Peridote. 

Agates. 

Granite. 

All  opaque  precious  ftones. 

Rock  cryftal. 

Porcelaine. 

Venice  and  Mufcovy  talc. 

Coloured  diamonds,  efpecially 

FIFTH  COLUMN. 

yellow. 

Hyacinth. 

White  diamonds,  efpecially  the 

Opal. 

brilliant. 

Emerald. 

Ail  tranfparent  precious  ftones. 

Amethyft. 

Glafs,  and  all  vitrifications 

Topaz. 

without  excepting  thofe 

Ruby. 

of  metals. 

Sapphire. 

The  inference  which  this  author  draws  from  this  catalogue 
is,  that  the  mod;  brittle,  and  the  moft  tranfparent  fubftances* 
are  always  the  moft  eledtric ;  and  he  has  recourfe  to  an  awk¬ 
ward  hypothefis  to  account  for  the  marcafites  not  being  excitable 
at  all,  notwithftanding  they  are  both  brittle  and  tranfparent.  He 
fays  it  is  owing  to  condenfed  air  contained  in  thofe  fubftances, 
which  is  known  to  prevent  excitation  *. 

The  fame  author  fays,  that  mineral  waters  are  much  more 
fenfibly  affecfted  with  eledricity  than  common  water;  that  black 
ribbons  are  much  looner  attracted  than  thofe  of  other  colours ;  and) 
next  to  them,  the  brown,  and  deep  red  f. 

Mr.  Le  Cat,  a  phyfician  at  Rouen,  who  has  diftinguifhed 
himielf  by  feveral  performances  in  the  learned  world,  fufpended 
feveral  pieces  of  leaf  gold  at  his  conductor,  and  obferved  that 
they  hung  at  different  diftances,  according  to  their  fizes,  the 

*  Boulanger,  p.  74.  f  ibid.  p.  124. 
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fmaller  pieces  placing  themfelves  nearer  the  conductor,  and  the 
larger  receding  farther  from  it.  This  he  compares  to  the  dis¬ 
tances  at  which  the  planets  make  their  revolutions  round  the  fun, 
and  he  fuppofed  the  caule  to  be  the  fame  in  both.  The  fame 
author  very  particularly  compares  the  electric  fhock,  which  had 
juft  been  difcovered,  to  thunder  *. 

Germany  affords  but  few  articles  for  the  electrical  hiftory  of 
this  period ;  one  of  them,  however,  is  curious,  and  well  deferves- 
to  be  tranfmitted  to  pofterity.  Mr.  Gordon  of  Erford  excited  the 
electricity  of  a  cat  fo  ftrongly,  that,  when  it  was  communicat¬ 
ed  by  iron  chains,  it  fired  fpirit  of  wine  f. 

It  has  been  mentioned  before,  that  feveral  gentlemen  in  Ger¬ 
many,  as  well  as  in  England,  had  found,  that  if  the  man  who 
rubbed  the  globe  flood  upon  electrics,  l'parks  were  perceived  upon 
touching  him ;  but  Mr.  Klingenftierna,  a  Swede,  and  Mr. 
Stroema,  were  the  firft  who  properly  electrified  by  the  rubber; 
and  their  experiments  were  publifhed  in  the  Acts  of  the  Royal 
Academy  of  Sciences  at  Stockholm  for  the  year  1747  J. 

Mr.  Jallabert,  profeffor  of  philofophy  at  Geneva,  found 
that  a  coating  of  pitch  did  not  prevent  the  conductor  from  being 
'electrified,  which  proved  that  the  eletric  fluid  enters  the  fub- 
ftance  of  metals.  He  alfo  proved,  that  ice  was  a  conductor  of 
electricity,  by  making  the  Leyden  experiment  with  a  bottle  in 
which  water  was  frozen  §. 

The  amazing  and  extenfive  effects  of  electricity  now  began  to 
make  philofophers  look  for  it  where  it  had  not  been  fufpected  be¬ 
fore.  The  firft  account  that  is  given  of  woollen  garments  being; 
obferved  to  exhibit  figns  of  electricity,  when  they  were  put 
off,  after  the  flafhes  of  light  they  gave  were  known  to  be 
owing  to  electricity,  was  fent  to  the  Royal  Society  by  Mr* 

*  Hiftoire,  p.  84 — 85.  f  Nollet’s  Recherches,  p.  98. 

t  Wilcke,  p.  112.  §  Hiftoire,,  p.  95,  96. 
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Coke  of  the  Lie  of  Wight,  who  fays,  that  a  lady  of  his  ac¬ 
quaintance  obferved  it;  and  that  it  was  alfo  at  laft  found,  that 

it  was  only  new  flannel,  and  after  fome  time  wearing,  which 
gave  that  appearance,  and  that  this  property  wras  loft  when  it 
was  walked  *. 

The  fame  appearance,  he  obferves,  upon  another  occafion, 
was  moft  -confpicuous  in  frofty  weather;  in  which  feafon  he 
takes  notice,  that  there  is  generally,  not  only  a  greater  purity 
of  the  air,  and  abfence  of  moifture,  but  that  all  hairy  and  horny 
fubftances  (for  hairs,  as  he  fays,  are  only  fmall  horns)  are  more 
elaftic,  and  confequently  fufceptible  of,  and  more  capable  of 
exciting  ftrong  vibrations.  He  fays,  that  the  flannel  being 

rendered  damp  with  fea  water,  and  afterwards  dry,  wTould 

heighten  the  eleftric  appearances  f. 

But  though  this  was  the  firft  appearance  of  the  kind  that  was 
obferved,  after  it  was  known  to  arife  from  eledlricity,  fimilar 
appearances  had  been  feveral  times  noted  before.  Bartholin, 
who  flourifhed  in  1650,  wrote  a  book  De  luce  animalium ,  in 
which  he  fuppofes,  that  undluous  effluvia  had  a  great  fhare  in 
thofe  appearances.  The  fame  writer  fays,  that  Theodore  Beza 
might  be  feen  by  a  light  proceeding  from  his  eye-brows;  and 
that  fparks  would  flafh  from  the  body  of  Charles  Gonzaga, 
Duke  of  Mantua,  upon  being  gently  rubbed.  But  he  does  not 
fay  whether  he  had  any  particular  hairy,  or  fcaly  fuperficies  to 
his  fkin 

Da.  Simpson,  who  publifhed  a  philofophical  difcourfe  on  fer¬ 
mentation,  dedicated  to  the  Royal  Society,  in  1675,  alfo  takes 
notice  of  the  light  proceeding  from  animals  on  frication,  or  pedla- 
•tion  as  he  calls  it,  and  inftances  in  the  combing  of  a  woman’s 
head,  the  currying  of  a  horfe,  and  the  ftroking  of  a  cat’s  back  §. 


Mr. 


*  Phi).  Tranf.  abridged,  Vo!,  x.  p.  343. 

X  Ibid.  p.  3 4 4.  4  Ibid,  p,  357. 


f  Ibid.  p.  343. 
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Mr.  Clayton  alfo,  in  a  letter  to  Mr.  Boyle,  dated  June 
23d,  1684,  at  James-town  in  Virginia,  gives  him  an  account  of 
a  ftrange  accident,  as  he  calls  it,  which  happened  to  one  Mrs. 
Sewall,  whofe  wearing  apparel  emitted  a  flafhing  of  fparks,  which 
were  feen  by  feveral  perfons.  The  like  happened  to  Lady  Bal¬ 
timore  her  mother-in-law  *. 

I  SHALL  conclude  this  fedion  with  wdiat  I  can  find,  in  this 
period,  about  increafing  the  power  of  eledricity,  and  mea- 
Turing  its  effeds. 

Mr.  Monnier  the  younger,  whofe  name  has  been  frequent¬ 
ly  mentioned  in  the  courfe  of  this  hiftory,  ufed  glafs  fpheroids 
inftead  of  globes,  and  endeavoured  to  increafe  his  eledrical  power 
by  ufing  feveral  of  thefe  fpheriods  at  a  time ;  but  he  found,  upon 
trial,  that  they  did  not  anfwer  his  expectations  ;  and  was 
thence  difpofed  to  conclude,  that  there  might  be  a  ne  plus  ultra 
in  the  intenfity  of  eledricity,  as  well  as  in  the  heat  communi¬ 
cated  to  boiling  water  f* 

The  power  of  glafs  in  eledrifying  being  found  to  be  fo  great, 
it  is  no  wonder  that  philofophers  fhould  endeavour  to  find  what 
kind  of  glafs  was  capable  of  being  excited  to  the  greateft  de¬ 
gree.  Among  other  propofals  we  find  a  very  memorable  one 
communicated  to  the  Royal  Society,  April  6th,  1749’  ^y  ^r* 
Boze.  He  fays,  that  a  glafs  ball  which  has  often  been  em¬ 
ployed  in  violent  diftillations,  and  other  chemical  operations 
fends  forth  eledricity  incomparably  more  ftrong,  than  any  glafs 
which  had  never  been  expofed  to  fo  violent  a  fire.  This  article  is 
the  more  curious,  as  it  fhews  us  how  much  philofophers  at  this 
time  piqued  themfelves  upon  difcoveries  in  eledricity.  He 
aflferts  his  being  the  firft  perfon  who  ever  mentioned  this  notable 
circumftance,  as  he  calls  it,  and  defires  Dr.  Watfon,  to  whom  he 


*  Phil.  Tranf.  abridged,  Vo),  x.  p.  278. 


s 


f  Ibid.  p.  330. 
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communicated  it,  to  let  him  have  the  honour  of  that  improvement 
in  the  Philofophical  TranfaCtions 

It  was  within  this  period  that  Dr.  Watfon  contrived  to  im¬ 
prove  the  ftrength  of  eledlricity  by  moiftening  the  rubber  of 
his  globe,  though  he  was  not  aware  of  all  the  reafons  for  it.. 
He  obferved  that  the  man  who  flood  on  the  floor,  to  excite  the 
globe h>y  his  hand,  did  it  more  ftrongly  than  a  cufhion,.  This, he 
fays,  he  could  not  conceive  to  be  owing  to  any  other  difference, 
than  to  his  hand  being  more  moifl,  and  confequently  more 
readily  conducing  the  electricity  from  the  floor ;  wherefore 
he  ordered  his  machine,  and  even  his  cufhion,  to  be  made 
damp;  and  then  found  that  the  electricity  was  as  ftrong  as 
when  the  globe  was  rubbed  by  the  hand  f . 

A  gentleman  at  Chartres  in  France,  greatly  increafed  the 
effeCls  of  electricity  by  means  of  moiflure,  for  aflerting  which  t 
he  is  very  much  ridiculed  by  the  author- of  Hijloire  de  PEleBricitt. 

Mr.  Wilson  fays,  that  if  the  cufhion  (which  he  made  of 
leather)  was  gilt  with  filver,  brafs,  or  copper,  it  would  do  very.' 
well;  and  that  the  filk  line  on  which  the  conductor  hung  fhouldi 
be  red  or  yellow  f.  The  table,  he  fays,  fhould  hand  on  moifl 
ground,  or  a  wire  pafs  from  the  machine  to  the  moifl  ground  §. 

Dr.  Watson  aifo  found,  that  though  no  electricity  could  be 
produced  by  rubbing  the  globe  with  original  eleCtrics  perfectly 
dry,  yet  that  they  anfwered  very  well  .when  they  had  been  made 
moifl;  the  water  imbibed  by  thofe  fubflances  ferving  as  a  canal 
of  communication  to  the  electricity  between  the  hand,  or  the  ’ 
cufhion,  and  the  globe;  in  the  fame  manner  as  the  air,  replete 
with  vapours  in  damp  weather,  prevents  the  accumulation  of 
the  electric  matter  in  any  confiderahle  degree,  by  conducting  it 
as  fall  as  it  is  excited  to  the  neareft  non- eleCtrics.  He  ob~ 


t  Ibid.  p.  312. 
§  Ibid,  p  8. 


ferved-. 


3  Phil.  Tranf.  abridged,.  Vol.  x.  p.  329. 
t  Wilfon’s  Eflay,  p.  6. 
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ferved,  on  the  contrary,  that  moft  vegetable  fubftances,  though 
made  as  dry  as  poflible,  furnifhed  electricity,  but  fmall  in  quan¬ 
tities.  He  excited  electricity  not  only  from  linen,  cotton,  &c. 
but  even  from  fheet  lead  and  a  deal  board 

The  Abbe  Nollet  fays,  that  he  found  oil  of  turpentine  upon 
a  piece  of  woollen  cloth  excited  glafs  very  powerfully,  but  that 
the  lead  water  mixed  with  it  prevented  the  excitation  4*. 

Mr.  Boulanger  fays,  that  if  two  cylinders  be  made  of  the 
fame  kind  of  glafs,  and  of  the  fame  fafhion,  one  of  them  trans¬ 
parent,  and  the  other  tinged  with  any  colour,  the  tranfparent 
cylinder  will  be  excited  more  eafily  than  the  coloured  one  J.  He 
acknowledges,  however,  that  fometimes  the  moft  tranfparent, 
and  the  moft  brittle  glafs  is  capable  of  acquiring  but  little  elec¬ 
tricity  §*  In  another  place  he  fays,  that  a  cylinder  of  three  or 
four  lines  in  thicknefs  will  acquire  a  ftronger,  and  a  more  lading 
eledricity  than  a  cylinder  of  one  line  thick  ||.  He  alfo  fays, 
that  a  perfon’s  two  hands,  or  one  cufliion,  is  better  than  more^. 

About  the  fame  time  that  Dr.  Watfon  made  his  firft  ex¬ 
periments  upon  the  Leyden  phial,  Mr.  Canton  difcovered  a  me¬ 
thod  by  which  the  quantity  of  eleCtricity  accumulated  in  the  phial 
might  be  meafured  to  a  good  degree  of  exaClnefs.  He  took 
the  charged  phial  in  his  hand,  and  made  it  give  a  fpark  to  an 
infulated  conductor,  which  fpark  betook  off  with  his  other  hand. 
This  operation  he  repeated  till  the  whole  was  difcharged,  and 
he  eftimated  the  height  of  the  charge  by  the  number  of  the 
fparks.  This  is  a  pretty  certain  and  exaCt  method  of  knowing 
how  high  a  phial  has  been  charged  ;  but  what  electricians  chiefly 
want  is  a  method  of  afcertaining  how  high  a  phial  is  charged, 
or  the  exaCt  force  of  the  charge  while  it  is  contained  in  the 


glafs. 

*  Wilfon’s  Eflay,  p,  380. 
j  Ibid.  p.  164. 


f  Recherches,  p.  168, 
H  Ibid.  p.  135, 
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l  Boulanger,  p.  64. 

4-  Ibid.  p.  136. 
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Something  of  this  kind  was  done  by  Mr.  Ellicott,  in  the 
fame  year  1746.  He  propofed  to  eftimate  the  ftrength  of 
common  electrification,  by  its  power  to  raife  a  weight  in  one  fcale 
of  a  balance,  while  the  other  fhould  be  held  over  the  elec¬ 
trified  body,  and  pulled  to  it  by  its  attractive  power  *.  Mr.  Gra- 
lath  alfo  conftruCted  an  electrometer  upon  the  fame  principle  f. 

The  Abbe  Nollet  applied  the  threads  that  Mr.  Grey  and  Du 
Fay  had  ufed  in  eleCtrical  experiments,  to  fhew  the  degree  of 
electricity.  He  hung  two  of  them  together,  and  obferved  the 
angle  of  their  divergence,  by  means  of  the  rays  of  the  fun,  or  the 
light  of  a  candle,  and  their  fhadow  upon  a  board  placed  be¬ 
hind  them.  Mr.  Waitz  alfo  thought  of  the  fame  kind  of  electro¬ 
meter,  with  this  improvement,  that  he  loaded  the  ends  of  the 
threads  with  fmall  weights  ±.. 

•  Boulanger,  p.  324.  f  Dantzick Memoirs,  Vol.i.  p.  $25. 

$  Hiftoire,  p.  58. 


S  E  CT  ION 


(  >33  ) 


-SECTION  IV. 

t '  1 1  j  X  /  -■  * )  \j  ^ 

f  t  / 

Experiments  on  animal,  and  other  organized  bodies 

IN  THIS  PERIOD  J  AND  OTHER  EXPERIMENTS  CONNECTED 
WITH  THEM,  MADE  CHIEFLY  BY  THE  ABBE  NOLLET. 


tTITHERTO  the  effeCt  of  electricity  upon  human  bodies  had 
A  not  been  attended  to,  farther  than  the  mere  fhock  of 
the  Leyden  phial.  But  we  fhall  now  fee  a  curious  let  of  expe¬ 
riments  on  this  fubjeCt  exhibited  by  the  Abbe  Nollet.  The  Eng- 
lifh  philofophers,  who  led  the  way  in  almoft  every  other  ap¬ 
plication  of  eleCtricity,  were  among  the  iafl  to  try  its  effeCts 
upon  animals,  and  other  organized  bodies.  The  only  article 
that  I  can  find  upon  this  fubjeCt,  before  the  difeoveries  of  the 
Abbe  Nollet,  is  one  of  Mr.  Trembley’s ;  who  fays  that  feveral 
perfons  had  obferved,  that  while  they  were  electrified,  their  pulfe 
beat  a  little  falter  than  before.  He  fays,  that  he  him  fell,  alter 
having  been  electrified  a  long  time  together,  had  felt  an  odd 
fenfation  all  over  his  body,  and  that  fome  perfons  had  felt  very 

fharp  pains  after  being  electrified 

The  ingenious  Abbe  Nollet  begins  his  experiments  with  the 
evaporation  of  fluids  by  electricity.  They  were  made  with  the 
greateft  attention,  and  the  following  obfervations  were  the  refill  L 
of  them. 

*  Phil.  Tranf.  abridged,  Vol.  :c.  p.  321. 
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44  i.  Electricity  augments  the  natural  evaporation  of 
44  fluids;  fmce,  excepting  mercury,  which  is  too  heavy,  and 
44  the  oil  of  olives,  which  is  too  vifcous,  all  the  others  which 
44  were  tried  fuffered  a  diminution  which  could  not  be  afcribed 
44  to  any  other  caufe  than  eledfricity. 

44  2.  Electricity  augments  the  evaporation  of  thofe  fluids 
44  the  moff,  which  are  moft  fubjedt  to  evaporate  of  themfelves. 
44  For  the  volatile  fpirit  of  fal  ammoniac  fuffered  a  greater  Iofs  than 
44  fpirit  of  wine,  or  turpentine  ;  thefe  two  more  than  common 
44  water ;  and  water  more  than  vinegar,  or  the  folution  of  nitre. 

44  3.  Electricity  has  a  greater  effedt  upon  fluids  when 
44  the  veffels  which  contain  them  are  non-eledtrics ;  the  effedts 
44  always  leeming  to  be  a  little  greater  when  the  veffels  were 
44  of  metal, \than  when  they  were  of  glafs. 

44  4.  This  increafed  evaporation  was  more  confiderable  when 
44  the  veffel  which  contained  the  liquor  was  more  open,  but  the 
44  effedts  did  not  increafe  in  proportion  to  their  apertures*  For 
44  when  thefe  liquors  were  eledtrified  in  veffels,  whofe  aperture 
44  was  four  inches  in  diameter,  though  they  prefented  to  the  air 
44  a  furface  fixtecn  times  larger  than  when  they  were  contain- 
44  ed  in  veffels  whofe  aperture  was  one  inch  in  diameter,  they 
u  were,  neverthelefs,  far  from  fuffering  a  diminution  proportion- 
44  ed  to  that  difference. 

44  5.  Electrification  does  not  make  any  liquors  eva- 
,4  porate  through  the  pores,  either  of  metal,  or  of  glafs.;  fince 
4i  after  experiments  which  were  continued  ten  hours,  there  was 
found  no  diminution  of  their  weight,  when  the  veffels  in 
which  they  were  contained  were  well  flopped*.” 

After  having  made  experiments  on  fluids,  the  Abbe  began 
another  course  on  i ol ids  of  various  kinds,  the  refult  of  which  wTas, 

*  Nollet’s  Recherchcs,  p.  327. 
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that  they  loft  weight  only  in  proportion  to  the  moifture  they  con¬ 
tained,  and  the  opennefs  of  their  pores  *. 

The  Abbe  alfo  extended  his  experiments  to  other  fenfible 
qualities  of  bodies,  as  their  finell,  their  tafte,  and  chemical 
properties  ;  but  found  no  change  in  any  of  them,  after  a  ftrong,. 
and  continued  electrification  of  a  variety  of  fubftances.  Electrifi¬ 
cation  did  not  affeCt  the  power  of  the  magnet,  and  neither 
retarded  nor  accelerated  the  heating  or  cooling  of  bodies  f. 

He  then  proceeded  to  the  electrification  of  capillary  tubes,  full 
of  water ;  it  having  been  obferved  by  Mr.  Boze,  who  com¬ 
municated  the  obfervation  to  Mr.  Nollet  £,  that  the  water  would 
iffue  in  a  conftant  ftream  when  they  were  electrified;  whereas  it 
would  only  drop  very  flowly  without  that  operation.  Every 
perfon,  at  firft  fight,  would  judge  that  the  ftream  was  acce¬ 
lerated,  and  that  the  electrified  veil'd  would  foon  be  empty  : 
but  this  accurate  philofopher  was  unwilling  to  rely  on  firft  appear¬ 
ances,  and  therefore  refolved  to  afcertain  the  fact,  by  meafuring 
the  time,  and  the  quantity  of  liquor  running  out.^  And,  in  order 
to  know  if  the  acceleration,  fuppofing  there  were  any,  was 
uniform,  during  the  whole  time  of  the  running  out,  he  made 
ufe  of  veffels  of  different  capacities,  terminating  in  pipes  of  dif¬ 
ferent  bores,  from  three  lines  in  diameter,  to  the  fmalleft  ca¬ 
pillaries. 

As  the  Abbe  did  not  find  it  fo  eafy  a  matter  to  draw  a  fafe 
eonclufion  in  this  cafe  as  might  at  firft  be  imagined,  he  gives  us 
ingrofs  the  following  refult  of  above  an  hundred  experiments  §. 

44  i,.  The  eleClrified  ftream,  though  it  divides,  and  carries 
44  the:  liquid  farther,  is  neither  fenfibly  accelerated  nor  retarded, 
44  when  the  pipe  through  which  it  iffues  is  not  lefts  than  a  line-* 
44  in  diameter.  - 

*'  Nollet’s  Recherches,  p.  335.  +  Ibidrf  p.  341,  $  Ibid.  p.  343 •' 
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“  2.  Under  this  diameter,  if  the  tube  is  wide  enough  to  let 
‘  the  liquid  run  in  a  continued  ftream,  eledricity  accelerates  it 
“  a  little ;  but  lefs  than  a  perfon  would  imagine,  if  he  judged 
“  by  the  number  of  jets  which  are  formed,  and  by  the  diftancc 
“  to  which  they  go. 

“  3.  If  the  tube  be  a  capillary  one,  from  which  the  water 
“  only  drops  naturally,  the  eledrified  jet  not  only  becomes  a 
“  continued  ftream,  and  even  divided  into  feveral  ftreams,  but 
fl  is  alfo  coniiderably  accelerated ;  and  the  fmaller  the  capillary 
“  tube  is,  the  greater,  in  proportion,  is  this  acceleration. 

“  4.  So  great,  is  the  effed  of  the  eledric  virtue,  that  it  drives 
“  the  water  in  a  conftant  ftream  out  of  a  very  fmall  capillary 
u  tube,  out  of  which  it  had  not  before  been  able  even  to  drop.” 

The  moft  unaccountable  of  thefe  experiments,  as  the  ingenious 
Abbe  acknowledges,  are  thofe  which  fuppofe  a  retardation  of 
the  eledrified  current,  and  he  long  doubted  the  fad;  but  a 
great  number  of  experiments,  carefully  noted  in  his  journal, 
obliged  him  to  admit  it,  though  ftill  with  hefitation,  and  to  ac¬ 
count  for  it  in  the  beft  manner  he  could ;  which,  indeed,  is  not 
very  fatisfadory  *. 

The  beautiful  appearance  of  thefe  ftreams  of  eledrified  water, 
when  the  experiment  was  exhibited  in  the  dark,  is  particularly 
defcribed  by  this  author,  after  Meftrs.  Boze  and  Gordon,  who 
fir  ft  obferved  it  j\ 

These  laft  experiments  ferved  as  a  bafts  to  the  Abbe’s  future 
inquiries.  He  confidered  all  organized  bodies  as  aftemblages  of 
capillary  tubes,  filled  with  a  fluid  that  tends  to  run  through  them, 
and  often  to  ifiue  out  of  them.  In  confequence  of  this  idea, 
he  imagined,  that  the  eledric  virtue  might  pofllbly  communi¬ 
cate  fome  motion  to  the  fap  of  vegetables,  and  alfo  augment 


*  Recherches,  p.35  1. 
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the  infenfible  perfpiration  of  animals.  He  began  with  the  fol¬ 
lowing  experiments,  the  refult  of  which  confirmed  his  fuppofi- 
tion  *. 

He  eleClrified  for  four  or  five  hours  together,  fruits,  green 
plants,  and  fpunges,  dipped  in  water  which  he  had  care¬ 
fully  weighed  ;  and  found  that,  after  the  experiment,  all  thofe 
bodies  were  remarkably  lighter  than  others  of  the  fame  kind, 
weighed  with  them,  both  before  and  after  the  experiment,  and 
kept  in  the  fame  place  and  temper  f. 

The  electrification  of  growing  vegetables  was-  firlt  begun 
in  Britain.  Mr.  Maimbray  at  Edinburgh  electrified  two  myrtle 
trees,  during  the  whole  month  of  October  1746;  when  they  put 
forth  finall  branches  and  bloffoms  fooner  than  other  fhrubs  of 
the  fame  kind,  which  had  not  been  electrified.  Mr.  Nollet, 
hearing  of  this  experiment,  was  encouraged  to  try  it  himfelf  J. 

He  took  two  garden  pots,  filled  with  the  fame  earth,  and 
fowed  with  the  fame  feeds.  He  kept  them  conflantly  in  the 
fame  place,  and  took  the  fame  care  of  them ;  except  that  one  of 
the  two  was  electrified  fifteen  days  together,  for  two  or  three, 
and  fometimes  four  hours  a  day.  The  confequence  was,  that  the 
electrified  pot  always  Ihewed  the  fprouts-  of  its  feeds  two  or 
three  days  fooner  than  the  other.  It  alio  threw  out  a  greater 
number  of  {hoots,  and  thofe  longer  in  a  given  time  ;  which  made 
him  believe,  that  the  eleCtric  virtue  helped  to  open  and  difplay  the 
germs,  and  thereby  to  facilitate  the  growth  of  plants.  This, 
however,  our  cautious  philofopher  only  calls  a  conje&ure, 
which  required  farther  confirmation.  The  feafon,  he  lays,  was 
then  too  far  advanced  to  allow  him  to  make  as  many  experi¬ 
ments  as  he  could  have  wilhed,  but  he  fays  the  next  courie 

*  Recfoerches,  p.  35^. 
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of  experiments  had  greater  certainty,  and  they  are  not  lefs  in- 
terefting  *. 

The  fame  experiments  were  carrying  on  about  the  fame  time 
by  Mr.  Jallabert,  Mr.  Boze,  and  the  Abbe  Menon,  principal  of 
the  college  of  Bueil  at  Angers,  who  all  drew  the  fame  conclufioM 
from  them  f. 

The  Abbe  ehofe  feveral  pairs  of  animals  of  different  kinds  * 
cats,  pigeons,  chaffinches,  fparrows,  &c.  All  thefe  he  put  into 
feparate  wooden  cages,  and  weighed  them.  One  of  each  pair 
he  eleClrified  for  five  oi*  fix  hours  together,  and  then  weighed 
them  again.  The  refult  was,  that  the  eleClrified  cat  was  com¬ 
monly  fixty-five  or  feventy  grains  lighter  than  the  other,  the 
pigeon  from  thirty- five  to  thirty- eight  grains,  the  chaffinch  or 
fparrow  fix  or  feven  grains.  In  order  to  have  nothing  to 
charge  upon  the  difference  that  might  arife  from  the  tempera¬ 
ment  of  the  individuals  he  happened  to  pitch  upon,  he  repeated 
the  fame  experiments,  by  electrifying  that  animal  of  each  pair 
which  had  not  been  electrified  before  ;  and,  notwithftanding  fome 
fmall  varieties  the  electrified  animal  was  conftantly  lighter  than 
the  other  in  proportion 

After  thefe  experiments,  he  had  no  doubt  but  that  electricity 
increafed  the  infenfible  perfpiration  of  animals,  but  it  was  not 
certain  whether  this  increafe  was  in  the  ratio  of  their  bulks,  or 
in  that  of  their  furfaces.  The  Abbe’s  opinion  Was,  that  it  was 
neither  in  the  one,  nor  the  other,  ftri&ly  fpeaking,  but  in  a 
ratio  much  more  nearly  approaching  the  latter  than  the  former ; 
fo  that  he  imagined,  there  was  no  room  to  apprehend,  that  a 
human  perfon  eleCtrified  would  lofe  near  a  fiftieth  part  of  his 
weight,  as  it  appeared  to  him  to  have  happened  to  one  fort  of 
bird ;  nor  1 40th  part,  as  to  the  pigeon,  &c.  All  that  he  had 

*  Recherche?,  p.  358,  &c.  Phil.  Traaf.  abridged,  Vcl.  x.p.  383. 
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then  obferved  upon  that  head  was,  that  a  young  man  or  woman, 
between  the  ages  of  twenty  and  thirty,  from  being  electrified  five 
hours  together,  had  loft  feveral  ounces  of  their  weight,  more 
than  they  were  wont  to  lofe  when  they  were  not  electrified  f. 

The  Abbe  obferves,  that  no  inconvenience  whatever  was  felt 
by  the  perfons  who  fubmitted  to  be  electrified  in  this  manner. 
They  only  found  themfelves  a  little  exhaufted,  and  had  got  a 
better  appetite.  He  adds,  that  none  of  them  found  themfelves 
fenfibly  warmer,  and  that  he  could  not  perceive  that  their  pulfe 
was  encreafed  f. 

These  laft  experiments  on  human  bodies,  he  juftly  obferves, 
are  difficult  to  purfue  with  exaCtnefs,  becaufe  the  cloathing,  which 
cannot  ftri&ly  be  compared  to  the  hairs  or  feathers  of 
animals,  retains  a  confiderable  fhare  of  the  perfpired  matter, 
and  prevents  our  forming  a  good  judgment  of  the  whole  effeCl 
of  the  eleCtric  virtue. 

The  foregoing  experiments,  he  fays,  convinced  him  of  the 
reality  of  the  ejfiuewt  matter  carrying  away  with  it  the  per- 
fpirable  parts  of  bodies,  and  what  could  be  evaporated  from  their 
furfaces.  And  he  was  convinced  of  the  affluent  matter,  by  ob- 
ferving  all  thofe  effeCts  produced,  if,  inftead  of  eleCfrifying 
bodies  themfelves,  they  w^ere  only  brought  near  a  large  body 
which  was  electrified.  He  moiffened  a  thick  fpunge  in  water, 
and  cut  it  into  two  pieces,  and  then  weighed  the  parts  feparate- 
ly,  and  placing  the  whole  near  a  large  electrified  body  ;  he  found 
that,  after  an  electrification  of  five  or  fix  hours,  that  part  of 
the  fpunge  which  was  nearer  to  the  electrified  body  had  loft  more 
weight  than  the  other.  From  this  faCt  he  concluded,  that  if  any 
part  of  an  animal  body  was  prefented  to  a  large  leCtrified  fub- 
fiance,  it  would  perfpire  more  than  the  other,  and  that 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  384.  Recherches,  p.  3S2. 
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perhaps  obftrudtions  might  by  this  means  be  removed  from  the 
pores  of  it  *. 

The  experiments  above  recited  of  Mr.  Nollet  by  no  means 
fatisfied  the  Englifh  philofophers,  and  particularly  Mr.  Ellicott, 
who  made  experiments  to  refute  the  theory  which  the  author  had 
deduced  from  them.  He  obferved  that  the  fyphon,  though  elec¬ 
trified,  would  Only  deliver  the  water  by  drops,  if  the  bafon  in 
which  the  water  was  contained  was  electrified  too.  But  this 
does  not  invalidate  Mr.  Nollet’s  curious  experiments  upon  the 
fubjeCt  of  evaporation  and  perfpiration.  For  when  an  animal 
body  is  electrified,  there  is  always  non-eleCtric  matter  enough  in 
the  atmofphere,  to  anfwer  the  purpofe  of  the  uneleCtrified  ba¬ 
fon,  in  the  experiment  of  the  capillary  tube ;  thereby  to  caufe  a 
continual  exhalation  of  the  perfpirable  matter  from  the  pores  of 
the  {kin*  Befides,  the  capillary  tube  will,  in  faCt,  unite  the  water 
in  a  conftant  ftream,  when  it  has  only  the  open  air  to  throw  it 
into.  In  all  debates  upon  fubjeCls  in  natural  philofophy,  faCts 
ought  only  to  be  oppofed  to  faCts.  The  veracity  of  the  Abbe 
Nollet  is  not  to  be  called  in  queftion  ;  though  it  muft  be  acknow¬ 
ledged,  that,  in  his  later  writings,  at  a  time  when  his  favourite 
fyflem  was  in  danger,  he  makes  mifiakes  with  refpeCt  to  the 
faCts  that  nearly  affeCt  it. 

To  account  for  the  appearance  of  light,  which  feems,  in 
fome  cafes,  to  iflue  from  a  non-eleClric  body  prefented  to  an  ex¬ 
cited  eleCtric,  and  which  Mr.  Nollet  thought  to  be  the  affluent 
matter,  Mr.  Ellicott  fuppofes  that  it  was  the  light  which  had 
come  from  the  eleCtric.  In  accounting  for  the  fufpenfion  of  leaf 
gold  between  an  electrified  and  an  uneleCtrified  plate,  Mr.  Elli- 
cott’s  theory  made  it  neceflary  to  fuppofe  (what  Dr.  Franklin 
afterwards  found  not  to  be  faCt)  that  the  leaf  gold  will  al- 

*  Phil.  Tranf.  abridged,  Vol.  x,  p.  385. 
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ways  be  fufpended  nearer  the  uneledrified  than  the  eledrified 
plate. 

In  his  anfwer  to  Mr.  Nollet,  Mr.  Ellicott  alfo  endeavours  to 
account  for  the  eledric  matter  lfluing  from  a  point  at  the  ex¬ 
tremity  of  the  condudor,  more  fenfibly  than  if  it  had  terminated 
round  or  flat.  He  fays  that  the  effluvia,  in  ruffling  from  the 
globe  along  the  condudor,  as  they  approached  the  point, 
were  brought  nearer  together,  and  therefore  were  denfer  theru 
than  in  any  part  of  the  rod.  Confequently,  he  fays,  if  the 
light  be  owing  to  the  denfity  and  velocity  of  the  effluvia,  it  will 
be  vifible  at  the  point,  and  no  where  elie.  T  his,  as  far  as  I 
can  find,  was  the  firfh  attempt  to  account  for  this  phenomenon ; 
but  it  by  no  means  accounts  for  the  whole  virtue  of  the  con¬ 
ductor  being  diffipated  from  fuch  points.  Indeed,  it  is  no  won¬ 
der  that  the  influence  of  points  which  are  but  imperfectly  under- 
flood  even  at  this  day,  furnifhed  too  difficult  a  problem  fo  many 
years  ago  *. 

It  will,  now,  be  univerfally  acknowledged,  that  there  was 
very  great  merit  in  thefe  experiments  of  the  Abbe  Nollet,  made 
upon  animal  and  other  organized  bodies.  He  opened  a  new  and 
noble  field  of  eledrical  difcoveries,  and  he  purfued  them  with 
great  attention,  perfeverance,  and  expence.  This  lafi  circum- 
ftance,  I  fuppofe,  may  have  been  the  reafon  why  his  experi¬ 
ments  have  not,  as  far  as  I  can  find,  been  refumed  and  purfued 
by  any  eledrician  fince  his  time,  though  there  feems  to  be  great 
room  to  improve  upon  what  he  began.  The  only  method  in 
which  they  can  be  conduded  to  any  purpofe,  would  be  by  the 
help  of  a  machine  for  perpetual  eledrification,  to  go  by  wind  or 
water;  which  would,  likewife,  ferve  for  many  other  capital  ex¬ 
periments  in  eledricity.  This  application  of  eledricity,  in 
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particular,  may  perhaps  be  of  more  ufe  in  medicine,  than  any 
other  mode  in  which  it  has  hitherto  been  adminiftered. 

Mr.  Jallabert  of  Geneva  carried  the  experiments  on 
plants  farther  than  the  Abbe  Nollet  had  done ;  and,  by  electrify¬ 
ing  bottles  in  which  the  plants  were  growing  in  wrater,  and  plac¬ 
ing  in  the  fame  expofure  other  bottles,  containing  plants  of  the 
fame  kind  ;  he  proved,  in  the  cleared:  manner,  that  the  electrified, 
plants  always  grew  falter,  and  had  finer  Items,  leaves,  and  flowers 
than  thofe  which  were  not  electrified,  and  confumed  more  of 
their  water 


*  Eeccaria  dell’  elettrlcifino  naturale  et  arttficiale,  p.  125, 
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SECTION  V, 

IThe  history  of  the  medicated  tubes,  and  other  com¬ 
munications  OF  MEDICINAL  VIRTUES  BY  ELECTRICITY} 
WITH  their  various  refutations. 


1#  N  V. 

IN  the  courfe  of  this  hiftory  we  have  feen  frequent  inftances 
of  felf-deception,  for  want  of  perfons  attending  to  all  the 
eflential  circumftances  of  fads ;  but  nothing  we  have  yet  feen 
equals  what  was  exhibited  in  the  years  1747  and  1748.  Mr. 
Grey’s  deceptions  were  chiefly  owing  to  his  miftaking  the  caufe 
of  real  appearances;  but  in  this  cafe  we  can  hardly  help  think¬ 
ing,  that,  not  only  the  imagination  and  judgment,  but  even  all 
the  external  fenfes  of  philofophers  mull  have  been  impofed  upon. 
It  was  aflerted  by  Signior  Pivati  at  Venice  (who  has  all  the 
merit  of  thefe  extraordinary  difcoveries),  and,  after  him,  by  Mr. 
Verati  at  Bologna,  Mr.  Bianchi  at  Turin,  and  Mr.  Winckler  at 
Leipfick,  that  if  odorous  fubftances  were  confined  in  glais 
veflels,  and  the  veflels  excited,  the  odours  and  other  medi¬ 
cinal  virtues  would  tranfpire  through  the  glafs,  infed  the  at- 
mofphere  of  the  condudor,  and  communicate  the  virtue  to  all 
perfons  in  contad  with  it;  alfo  that  thofe  fubftan'ces,  held  in 
the  hands  of  perfons  eledrified,  would  communicate  their  vir¬ 
tues  to  them ;  fo  that  medicines  might  be  made  to  operate  with¬ 
out  being  taken  into  the  ftomach.  They  even  pretended  to  have 
wrought  many  cures  by  the  help  of  eledricity  applied  this 

way. 
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way.  Some  of  the  more  curious  of  thefe  pretended  experiments 
deferve  to  be  recorded,  for  the  entertainment  and  inflru&ion  of 
poflerity. 

The  forementioned  Signior  Johannes  Francifco  Pivati,  a  perfon 
of  eminence  at  Venice,  fays,  in  an  Italian  epifile,  punted  at 
Venice  with  all  the  ufual  licences,  in  the  year  1  j that  a  mani- 
fell  example  of  the  virtue  of  eledlncity  was  fhown  in  the  bal- 
fam  of  Peru,  which  was  lo  concealed  in  a  glafs  cylinder,  that, 
before  the  excitation  of  it,  not  the  leaf!;  fmell  could  by  any  means 
be  difcovered.  A  man  who,  having  a  pain  in  his  fide,  had  ap¬ 
plied  hyffop  to  it,  by  the  advice  of  a  phyfician,  approached  the 
cylinder  thus  prepared,  and  was  ele&rified  by  it.  The  confe- 
quence  was,  that  when  he  went  home,  and  fell  afleep,  he  fweated, 
and  the  power  of  the  balfam  was  fo  difperfed,  that  even  his 
cloaths,  the  bed,  and  chamber,  all  fmelled  of  it.  When  he  had 
refrefhed  himfelf  by  his  deep,  he  combed  his  head,  and  found 
the  balfam  to  have  penetrated  his  hair ;  fo  that  the  very  comb 
was  perfumed  *. 

The  next  day,  Signior  Pivati  fays,  he  eledrified  a  man  in 
health  in  the  fame  manner,  who  knew  nothing  of  what  had  been 
done  before.  On  his  going  into  company  half  an  hour  after¬ 
wards,  he  found  a  gradual  warmth  diffufing  itfelf  through  his 
whole  body,  and  he  grew  more  lively  and  chearful  than  ufual. 
His  companion  was  furprifed  at  an  odour,  and  could  not  imagine 
whence  it  proceeded,  but  he  himfelf  perceived  that  the  fume 
arofe  from  his  own  body,  at  which  he  alfo  was  much  furprif¬ 
ed,  not  having  the  lead  fufpicion  that  it  was  owing  to  the  ope¬ 
ration  which  had  been  performed  upon  him  by  Signior  Pivati  f. 

Mr.  Winckler  of  Leipiick,  being  flruck  with  fb  extraordi¬ 
nary  a  relation,  fays,  that  he  wasdefirous  of  trying  the  power  of 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  400.  f  Ibid.  p.  401. 
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electricity  on^certain  fubflances  in  the  fame  manner,  and  that  he 
found  the  event  to  confirm  what  had  been  related  *. 

He  put  fome  pounded  fulphur  into  a  glafs  fphere,  fo  well  co¬ 
vered  and  flopped,  that,  on  turning  it  over  the  fire,  there  was 
not  the  leafl  fineli  of  fulphur  perceived.  When  the  fphere  was 
cold  he  eledrified  it ;  and,  immediately,  a  fulphureous  vapour 
iffued  from  it,  and,  on  continuing  the  electricity,  filled  the  air, 
fo  as  to  be  fmelled  at  the  diflance  of  more  than  ten  feet.  He 
called  in  a  friend  well  verfed  in  electricity,  profeflor  Haubold, 
and  feveral  others,  as  witneffes  and  judges  of  this  faCt;  but 
they  were  prefently  driven  away  by  the  flench  of  the  fulphur. 
He  flaid  a  little  longer  himfelf  in  this  fulphureous  atmofphere, 
and  was  fo  impregnated  thereby,  that  his  body,  1  cloaths,  and 
breath  retained  the  odour  even  the  next  day.  On  repeating 
this  experiment  in  the  prefence  of  a  perfon  who  was  converfant 
with  the  effects  of  fulphur,  the  figns  of  an  inflamed  blood  were 
vifible  in  his  mouth  on  the  third  day  -f*. 

After  this  he  tried  the  effeCl  of  a  more  agreeable  fineli, 
and  filled  the  fphere  with  cinnamon.  When  he  had  heated 
this  as  before,  the  fmell  of  cinnamon  was  foon  perceived  by  the 
company,  and  the  whole  room  was  in  a  fhort  time  fo  perfumed 
by  it,  that  it  immediately  affeCted  the  nofes  of  all  who  came  in, 
and  the  odour  remained  the  next  day. 

He  tried  the  balfam  of  Peru  with  the  like  fuccefs,  when  his 
above  mentioned  friend  (whofe  teflimony,  lie  fays,  he  did  not 
care  to  be  without)  after  he  had  received  the  power  of  the  bal¬ 
fam,  fmelled  fo  flrong  of  it,  that  going  abroad  to  fupper,  he 
was  often  afked  by  the  company  what  prefume  he  had  about 
him.  The  next  day,  when  Mr.  Winckler  was  drinking  tea, 

#  Phil.  Tranf.  abridged,  Vol.  x.  p.  401.  t  Ibid. 
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he  fays,  he  found  an  unufual  fweet  tafte,  owing  to  the  fumes  of 
the  balfam  that  ftill  remained  in  his  mouth  *. 

In  a  few  days,  when  the  fphere  had  loft  all  the  feent  of  the 
balfam,  they  let  a  chain  out  of  the  chamber  window,  and  ex¬ 
tended  it  through  the  open  air,  into  another  room  detached  from 
the  former.  Here  they  fufpended  the  chain  on  lilken  lines,  and 
gave  it  into  the  hand  of  a  man,  who  alfo  flood  on  extended  fd ken 
lines,  and  knew  nothing  of  their  purpofe.  When  the  electri¬ 
city  had  been  excited  for  fome  time,  the  man  was  afked 
whether  he  fmelled  any  thing;  and,  on  fnuffing  up  his  nofe,  he 
faid  he  did.  Being  afked  again  what  fmell  it  was,  he  faid  he 
did  not  know.  When  the  electrification  had  been  continued  for 
about  a  quarter  of  an  hour,  the  room  fmelled  fo  ftrong  of  it, 
that  the  man,  who  knew  nothing  of  the  balfam,  faid  his  nofe 
was  filled  with  a  fweet  fmell,  like  that  of  fome  fort  of  balfam. 
After  fleeping  in  a  houfe,  a  confiderable  diftance  from  the  room 
where  the  experiment  was  tried,  he  rofe  very  chearfully  in  the 
morning,  and  found  a  more  pleafant  tafte  than  ordinary  in  his 
tea  t- 

I  shall  only  give  an  account  of  two  inftances  of  the  effeCt 
of  medicine  applied  in  this  manner.  The  aftiftance  of  Signior 
Pivati,  the  celebrated  inventor  of  this  improvement  in  electri¬ 
city,  was  implored  by  a  young  gentleman,  who  was  miferably 
afflicted  by  a  quantity  of  corrupted  matter  collected  in  his  foot,( 
that  eluded  all  the  attempts  of  the  phyficians.  Signior  Pivati 
filled  a  glafs  cylinder  with  proper  materials ;  and,  having  elec¬ 
trified  it,  drew  fparks  from  the  part  afteCted,  and  continued 
the  operation  for  fome  minutes.  When  the  patient  went  to  bed, 
he  had  a  good  night,  and  a  mitigation  of  his  pain.  When  he 
awaked  in  the  morning,  he  found  a  fmall  red  tubercle  on  his. 

*  Phil.  Traisf.  abridged,  Vo!,  x,  p.  401.  f  Ibid. 
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foot,  which  only  itched,  as  if  a  cold  humour  had  flowed  through 
the  inner  part  of  his  foot.  He  fweated  every  night  for  eight 
days  together,,  and  at  the  end  of  that  time  was  perfectly  well. 

After  this,  Signior  Donadoni,  bifliop  of  Sebenico,  came  to 
Signior  Pivati,  attended  by  his  phyflcian  and  fome  friends.  His 
lordfhip  was  at  that  time  feventy-five  years  old,  and  had  been 
affiided  with  pains  in  his  hands  and  feet  for  feveral  years.  The 
gout  had  fo  affeded  his  fingers,  that  he  was  not  able  to  move 
them  ;  and  his  legs,  fo  that  he  could  not  bend  his  knees.  In 
this  deplorable  fituation,  the  poor  old  bifliop  intreated  Signior 
Pivati  to  try  the  efreds  of  eledricity  on  him.  The  elec¬ 
trician  undertook  it,  and  proceeded  after  the  following  man¬ 
ner.  He  filled  a  glafs  cylinder  with  difcutient  medicines,  and 
managed  it  fo,  that  the  eledric  virtue  might  enter  into  the  pa¬ 
tient,  who  prefently  felt  fome  unufual  commotions  in  his  fingers  ; 
andtheadion  of  eledricity  had  been  continued  but  two  minutes, 
when  his  lordfhip  opened  and  fliut  both  his  hands,  gave  a 
hearty  fqueeze  to  one  of  his  attendants,  got  up,  walked,  fmote 
his  hands  together,  helped  himfelf  to  a  chair,  and  fat  down, 
wondering  at  his  own  ftrength,  and  hardly  knowing  whether 
it  was  not  a  dream.  At  length  he  walked  out  of  the  chamber 
down  flairs,  without  any  afliftance,  and  with  all  the  alacrity  of 
a  young  man*. 

A  variety  of  fads  of  this  nature  being  publifhed,  and 
feemingly  well  attefted,  engaged  all  the  eledricians  of  Europe 
to  repeat  tliefe  experiments  ;  but  none  of  them  could  fucceed 
but  thofe  mentioned  above.  An  excellent  remark  of  Mr. 
Baker’s,  who  advifed  trying  all  thefe  experiments,  notwithftand- 
ing  their  feeming  very  improbable,  deferves  to  be  quoted  here. 
“  Romantic  as  thefe  things  may  feem,  they  fhould  not  be  ab~ 

*  Philofophical  Tranfactions  abridged,  Vo!,  x.  p.  405. 
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«  folutely  condemned  without  a  fair  trial,  fince  we  all,  I  be- 
«  lieve  remember  the  time,  when  thofe  phenomena  in  ele&rici- 
“  ty,  which  are  now  the  moft  common  and  familiar  to  us, 
«  would  have  been  thought  deferving  as  little  credit  as  the  cafes 
“  under  confideration  may  feem  to  do,  had  accounts  of  them  been 
‘  fent  to  us  from  Rome,  Venice,  or  Bologna,  and  had  we 
“  never  experienced  them  ourfelves 

To  fee  thefe  wonders,  and  to  be  allured  of  their  truth  or  fal¬ 
lacy,  Mr.  Nollet,  who  was  deeply  interefted  in  every  thing 
that  related  to  his  favourite  ftudy,  and  who  fet  no  bounds  to  his 
labour  or  expences,  in  the  purfuit  of  truth,  even  palled  the  Alps, 
and  travelled  into  Italy,  where  he  vilited  all  the  gentlemen  who 
had  published  any  account  of  thefe  experiments.  But  though  he 
engaged  them  to  repeat  their  experiments  in  his  prefence,  and 
upon  himfelf ;  and  though  he  made  it  his  bufinefs  to  get  all  the- 
heft  information  he  could  concerning  them,  he  returned,  con¬ 
vinced  that  the  accounts  of  cures  had  been  much  exaggerated; 
that  in  no  one  inftance  had  odours  been  found  to  tranfpire 
through  the  pores  of  excited  glafs ;  and  that  no  drugs  had 
ever  communicated  their  virtues  to  perfons  who  only  held  them 
in  their  hands  while  eledtrined. 

He  had  no  doubt,  however,  but  that,  by  continued  eledlrf- 
fication,  without  drugs,  feveral  perfons  had  found  confiderable- 
relief  in  various  diforders ;  particularly,  that  a  paralytic  perfon 
had  been  cured  at  Geneva,  and  that  a  perfon  deaf  of  one  ear,  a 
footman  who  had  a  violent  pain  in  his  head,  and  a  woman  who 
had  a  diforder  in  her  eyes,  were  cured  at  Bologna  -f. 

The  Englifh  philofophers  fhowed  no  lefs  attention  to  this 
fubjedf  than  the  Abbe  Nollet.  The  Royal  Society  had  received 
an  account  from  Mr.  Winckler  of  his  experiments,  to  prove 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  406.  f  Ibid.  p.  415,  &c. 
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the  tranfudation  of  odoriferous  matter  through  the  pores  of  ex¬ 
cited  glafs ;  and  none  of  them  fucceeding  here,  the  fecretary 
was  defined  to  write  to  Mr.  Winckler,  in  the  name  of  the 
fociety,  defiring  him  to  tranfmit  to  them,  not  only  a  circum- 
ftantial  account  of  his  manner  of  making  the  experiments,  but 
likewife  fome  globes  and  tubes,  fitted  up  by  himfelf,  for  that 
purpofe. 

These  veflels,  and  directions  how  to  ufe  them,  Mr.  Winckler 
actually  fent,  and  the  experiments  were  made  with  every  pof- 
fible  precaution,  at  the  houfe  of  Dr.  Watfon  (the  mod:  interefted 
and  aCtive  perfon  in  the  kingdom  in  every  thing  relating  to  elec¬ 
tricity)  on  the  i  2th  of  June  1751.  There  were  prefect  Martin 
Folkes,  prefident  of  the  Royal  Society,  Nicholas  Mann,  Efq.  vice 
prefident,  Dr.  Mortimer,  and  Peter  Daval,  Efq.  fecretaries,  Mr, 
Canton  a  fellow,  and  Mr.  Shroder,  a  gentleman  of  diftinCtion, 
well  known  to,  and  correfponding  with  Mr.  Winckler.  But, 
notwithftanding  all  the  pains  thefe  gentlemen  took,  purfuing, 
with  the  utmoft  exaCtnefs,  the  directions  of  Mr.  Winckler,  and 
alfo  ufmg  methods  of  their  own,  which  they  thought  ftill  bet¬ 
ter  adapted  to  force  the  effluvia  through  the  glafs,  they  were  un- 
fuccefsfuk.  They  were  not  able  to  verify  Mr.  Winckler’s  ex¬ 
periments  even  in  one  fingle  inftance  *. 

But  perhaps  the  mod;  fatisfaCtory  refutation  both  of  this 
pretended  tranfudation  of  odours,  and  the  medicinal  effeCls  of 
eleCIricity  above  mentioned,  was  made  at  Venice,  the  very  place 
where  this  medical  eleClricity  took  its  rife.  The  experiments 
were  made  by  Dr.  Bianchini,  profedor  of  medicine,  in  the  pre¬ 
fence  of  a  great  number  of  witnefles,  many  of  them  prejudiced  in 
favour  of  the  pretended  difcoveries;  but  they  were  all  forced 

*  Phil.  Tranf.  abridged,  Vol.  xlvii.  p.  321. 
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to  be  convinced  of  their  futility,  by  the  evidence  of  fads,  and  by 
experiments  made  with  the  greateft  care  and  accuracy  '. 

After  the  publication  of  thefe  accounts  properly  attefted, 
every  unprejudiced  perfon  was  fatisfied,  that  the  pretended  dif— 
coveries  from  Italy  and  Leipfick,  which  had  raifed  the  expec¬ 
tation  of  all  the  eledricians  in  Europe,  had  no  foundation  in 
fad ;  and  that  no  method  had  yet  been  difeovered  whereby  the 
power  of  medicine  could  by  eledricity  be  made  to  infinuate 
itfelf  into  the  human  body  j\ 

Lastly,  I  would  obferve,  that  Dr.  Franklin  alfo  fhowed,  by 
feveral  experiments,  the  impoffibility  of  mixing  the  effluvia  or 
virtue  of  medicines  with  the  eledric  fluid 

In  fome  refpeds  fimilar  to  the  experiments  with  the  medicated 
tubes  (as  thofe  mentioned  above  were  ufually  called)  was  that 
of  profeffor  Boze,  which  he  termed  the  beatification ;  and  which, 
for  a  long  time,  employed  other  eledricians  to  repeat  after 
him,  but  to  no  purpofe.  His  defcription  of  this  famous  ex¬ 
periment  was,  that  if,  in  eledrifying,  large  globes  were  em¬ 
ployed,  and  the  eledrifled  perfon  were  placed  upon  large  cakes 
of  pitch,  a  lambent  flame  would  by  degrees  arife  from  the  pitch, 
and  fpread  itfelf  round  his  feet ;  and  that  from  thence  it  would 
be  propagated  to  his  knees  and  body,  till,  at  laft,  it  afeended  to 
his  head ;  that  then,  by  continuing  the  eledrification,  the  per- 
fon’s  head  would  be  furrounded  by  a  glory,  fuch  a  one,  in 
fome  meafure,  as  is  reprefented  by  painters  in  their  ornamenting 
the  heads  of  faints  §. 

This  experiment,  as  well  as  that  of  the  medicated  tubes, 
fet  all  the  eledricians  in  Europe  to  work,  and  put  them  to  a 
great  deal  of  expence  ;  but  none  of  them  could  fuccecd,  fo  as  to 
produce  an  appearance  any  thing  like  that  deferibed  by  Mr.  Boze. 

*  Phil,  Tranf.  abridged,  Vol.  xlviii.  p.  399.  +  Ibid.  p.  406. 
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No  perfon  took  more  pains  in  this  bufinefs  than  Dr.Watfon.  He 
himfelf  underwent  the  operation  feveral  times,  fupported  by 
folid  electrics  three  feet  high.  Upon  being  electrified  very 
ftrongly,  he  found,  as  he  fays  feveral  other  perfons  alfo  did, 
a  tingling  upon  the  fkin  of  his  head,  and  in  many  parts  of  his 
body,  or  fuch  a  fenfation  as  would  be  felt  from  a  vafi:  number  of 
infers  crawling  over  him  at  the  fame  time;  and  he  conflantly 
obferved  the  fenfati'ori  to  be  the  greateft  in  thofe  parts  of  his 
body  which  were  nearefi:  to  any  non-electric,  but  ftill  no  light 
appeared  upon  his  head,  though  the  experiment  was  feveral  times 
made  in  the  dark,  and  with  fome  continuance  A 

At  length  the  Doctor,  wearied  with  thefe  fruitlefs  attempts, 
wrote  to  the  profeflbr,  and  his  anfwer  fliowed  that  the  whole  had 
been  a  mere  trick.  He  candidly  acknowledged,  that  he  had  made 
ufe  of  a  fuit  of  armour,  which  was  decked  with  many  bullions 
of  fteel,  fome  pointed  like  nails,  fome  like  wedges,  and  fome 
pyramidal;  and  that  when  the  electrization  was  very  vigorous, 
the  edges  of  the  helmet  would  dart  forth  rays,  fomething 
like  thofe  which  are  painted  on  the  heads  of  faints.  And 
this  was  all  his  boafted  beatification  f. 

This  fame  Mr.  Boze,  who  feems  to  have  had  a  fingular  affec¬ 
tation  of  fomething  myfterious  and  marvellous  in  his  experiments, 
in  a  letter  to  the  Royal  Society  at  London,  faid  that  he  had  been 
able,  by  electricity  only,  to  invert  the  poles  of  a  natural  magnet, 
to  deftroy  their  virtue,  and  to  reftore  it  again,  but  he  did  not 
defcribe  his  method  J.  Considering  that  no  perfon  in  England, 
could  fucceed  in  this  attempt,  and  that  we  are  now  able  to  do  it 
but  imperfe&ly,  it  is  hardly  probable  that  he  did  it  at  all. 

There  feems  to  have  .been  fome  deception  in  an  experi¬ 
ment  which  the  worthy  and  excellent  Dr.  Hales  communicated 

*  Phil.  Tranf.  abridged,  Vol,  x.  p.411.  f  Ibid,  p  413. 
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to  the  Royal  Society  this  year,  when  he  fays,  that  he 
obferved  the  eledric  lpark  from  warm  iron  to  be  of  a  bright 
light  colour  ;  from  warm  copper,  green  ;  and  from  a  warm 
egg,  of  a  yellowifh  flame  colour.  Thefe  experiments,  he  faid, 
feemed  to  argue,  that  fome  particles  of  thoie  diflerent  bodies 
were  carried  off  in  the  eledric  flafhes,  whence  thofe  different 
colours  were  exhibited  *. 

I  shall  conclude  this  feCtion,  which  might  juftly  be  intitled 
the  marvellous ,  with  mentioning  the  furpriling  effeCt  of  an  elec¬ 
tric  fpark  in  fetting  fire  to  a  fuftian  frock,  on  a  Ion  of  Mr. 
Robert  Roche,  when  he  was  electrified  for  fome  diforder.  I 
do  not  queftion  the  faCt.  The  experiment  was  repeated,  and 
it  anfwered  again  as  well  as  at  the  firfl  time,  wdien  it  was  merely 
accidental.  The  paper  containing  this  account  was  read  at  the 
Royal  Society  on  the  29th  ofMay  174S  f* 


*  Phil.  Tranf.  abridged,  Vol.  x.  p.  406. 
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The  experiments  and  discoveries  of  Dr.  FRANKLIN. 


SECTION  L 


Dr.  FRANKLINS  discoveries  concerning  the  Leyden 

PHIAL,  AND  OTHERS  CONNECTED  WITH  THEM. 


WE  have  hitherto  feen  what  had  been  done  in  electricity 
by  the  Englifh  philofophers,  and  thofe  on  the  con¬ 


tinent  of  Europe,  till  about  the  year  1750;  but  our  attention 
is  now  ftrongly  called  to  what  was  doing  on  the  continent  of 
America ;  where  Dr.  Franklin  and  his  friends  were  as  affiduous 
in  trying  experiments,  and  as  fuccefsful  in  making  difcoveries, 
as  any  of  their  brethren  in  Europe.  For  this  purpofe,  we  muft 
look  back  a  few  years.  As  Dr.  Franklin’s  difcoveries  were  made 
intirely  independent  of  any  in  Europe,  I  was  unwilling  to  in¬ 
terrupt  the  former  general  account,  by  introducing  them  in  their 
proper  year.  For  the  fame  reafon,  I  imagine,  it  will  be  gene¬ 
rally  more  agreeable,  to  fee,  at  one  view,  what  was  done  in  Ame¬ 
rica  for  fome  confiderable  fpace  of  time,  without  interrupting  this 
account  with  what  was  doing,  in  the  mean  time,  in  Europe.  I 
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fhall,  therefore,  digeft,  in  the  beft  manner  I  can,  the  tnree  firft 
publications  of  Dr.  Franklin,  entitled  New  Experiments,  and  Ob - 
feroations  on  EkaAcity,  made  at  Philadelphia  in  America ,  com¬ 
municated  in  feveral  letters  to  Peter  Collinfon,  Efq.  of  London, 
fellow  of  the  Royal  Society  ;  the  firft  of  which  is  dated  July  28th, 
1747,  and  the  laft  April  1 8th,  1754*  ‘ 

Nothing  was  ever  written  upon  the  lubjed  of  electricity 
which  was  more  generally  read  and  admired  in  all  parts  of  Eu¬ 
rope  than  thefe  letters.  There  is  hardly  any  European  language 
into  which  they  have  not  been  tranflated ;  and,  as  if  this  were 
not  fufficient  to  make  them  properly  known,  a  tranflation  of 
them  has  lately  been  made  into  Latin.  It  is  not  eafy  to  fay„ 
whether  we  are  moft  pleafed  with  the  fimplicity  and  perfpi- 
cuity  with  which  thefe  letters  are  written,  the  modefty  with 
which  the  author  propofes  every  hypothecs  of  his  own,  or  the 
noble  franknefs  with  which  he  relates  his  miflakes,  when 
they  were  correded  by  fubfequent  experiments. 

Though  the  Englilh  have  not  been  backward  in  acknowledg¬ 
ing  the  great  merit  of  this  philofopher,  he  has  had  the  fingular 
good  fortune  to  be,  perhaps,  even  more  celebrated  abroad  than 
at  home;  fo  that  to  form  a  juft  idea  of  the  great  and  deferved 
reputation  of  Dr.  Franklin,  we  muft  read  the  foreign  publica¬ 
tions  on  the  fubjed  of  eledtricity ;  in  many  of  which  the  terms 
Franklinifm ,  Franklinifi,,  and  the  Frankliman  fyftem  occur  in 
almoft  every  page.  In  confequence  of  this.  Dr.  Franklin’s 
principles  bid  fair  to  be  handed  down  to  pofterity,  as  expreflive 
of  the  True  principles  of  eledricity  ;  juft  as  the  Newtonian 
philofophy  is  of  the  true  fyftem  of  nature  in  general. 

The  zeal  of  Dr.  Franklin’s  friends,  and  his  reputation,  were 
confiderably  increafed  by  the  oppofition  which  the  Abbe  Nolle.t 
made  to  his  theory.  The  Abbe,  however,  never  had  any  conr 
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fiderable  feconds  in  the  controverfy,  and  thofe  he  had,  I  am  in¬ 
formed,  have  all  deferted  him. 

The  rife  of  Dr.  Franklin’s  fame  in  France  was  fir  ft  cccafioned 
by  a  bad  tranflation  of  his  letters  failing  into  the  hands  of  Mr. 
BufFon,  intendant  of  the  French  King’s  gardens,  and  author  of 
the  Natural  Hiftory  for  which  he  is  famous.  This  gentleman, 
having  fuccefsfully  repeated  Dr.  Franklin’s  experiments,  engaged 
a  friend  of  his,  Mr.  Dalibard,  to  revife  the  tranflation ;  which  was 
afterwards  publifhed,  with  a  fhort  hiftory  of  eledricity  prefixed 
to  it,  and  met  with  a  very  favourable  reception  from  all  ranks  of 
people.  What  contributed  not  a  little  to  the  fuccefs  of  this  pub¬ 
lication,  and  to  bring  Dr.  Franklin’s  principles  into  vogue  in 
France,  was  a  friend  of  Mr.  Dalibard’s  exhibiting  Dr.  Franklin’s 
experiments  for  money.  All  the  world,  in  a  manner,  flocked 
to  fee  thefe  new  experiments,  and  all  returned  full  of  admiration 
for  the  inventor  of  them  *. 

Dr.  Franklin  had  difcovered,  as  well  as  Dr.  Watfon,  that 
the  eledric  matter  was  not  created,  but  colleded  by  fridion, 
from  the  neighbouring  non-eledric  bodies.  He  had  obferved, 
that  it  was  impoflible  for  a  man  to  eledrify  himfelf,  though  he 
flood  upon  glafs  or  wax  ;  for  that  the  tube  could  communicate  to 
him  no  more  eledricity  than  it  had  received  from  him  in  the  ad 
of  excitation.  He  had  obferved,  that  if  two  perfons  flood  upon 
wax,  one  of  which  rubbed  the  tube,  and  the  other  took  the  fire 
from  it,  they  would  both  appear  to  be  eledrified ;  that  if  they 
touched  one  another  after  that  operation,  a  ftronger  fpark 
would  be  perceived  between  them,  than  when  any  other  perion 
touched  either  of  them ;  and  that  fuch  a  fpark  would  take  away 
the  eledricity  of  both  f. 


*  Nollet’s  Letters,  Vol.  i.  p.  4. 
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These  experiments  led  the  Doctor  to  think,  that  the  electric 
fluid  was  conveyed  from  the  perfon  who  rubbed  the  tube  to  him. 
who  touched  it ;  which  introduced  fome  terms  in  electricity  that 
had  not  been  ufed  before,  but  have  continued  in  ufe  ever  flnce. 
The  perfon  who  touched  the  tube  was  faid,  by  Dr.  Franklin,  to 
be  electrified  pofitively,  or  plus ;  being  fuppofed  to  receive  an  ad¬ 
ditional  quantity  of  eleftric  fire  whereas  the  perfon  who  rubbed 
the  tube  was  faid  to  be  electrified  negatively ,  or  minus ;  being 
fuppofed  to  have  loft  a  part  of  his  natural  quantity  of  the  eleCtric 
fluid  *. 

This  obfervation  was  neceflary  to  explain  the  capital  difcovery 
which  Dr.  Franklin  made  with  refpeCt  to  the  manner  of  charg¬ 
ing  the  Leyden  phial  ;  which  is,  that  when  one  fide  of  the  glafs- 
is  electrified  pofitively,  or  plus,  the  other  fide  is  electrified  nega¬ 
tively,  or  minus',  fo  that  whatever  quantity  of  fire  is  thrown 
upon  one  fide  of  the  glafs,  the  fame  is  thrown  out  of  the  other ; 
and  there  is  really  no  more  eleCtric  fire  in  the  phial  after  it  is 
charged  than  before;  all  that  can  be  done  by  charging,  being 
to  take  from  one  fide,  and  convey  to  the  other.  Dr.  Franklin 
alfo  obferved,  that  glafs  was  impervious  to  electricity,  and  that, 
therefore,  fince  the  equilibrium  could  not  be  reftored  to  the 
charged  phial  by  any  internal  communication,  it  rnuft  be  done  by 
conductors  externally,  joining  the  infide  and  the  outfidej'. 

These  capital  difcoveries  he  made  by  obferving,  that  when  a 
phial  was  charged,  a  cork  ball  fufpended  on  fi  lk  would  be  at¬ 
tracted  by  the  outfide  coating,  when  it  was  repelled  by  a  wire 
communicating  with  the  infide;  and  that  it  would  be  repelled 
by  the  outfide,  when  it  was  attracted  by  the  infide  +.  But  the 
truth  of  this  maxim  appeared  more  evident  when  he  brought  the 
knob  of  the  wire  communicating  with  the  outfide  coating  within 

*  Franklin’s  Letters,  p.  js.  f  Ibid.  p.  3.  j  Ibid.  p.  4. 
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a  few  inches  of  the  wire  communicating  with  the  infide  coating, 
and  fufpended  a  cork  ball  between  them ;  for,  in  that  cafe,  the 
ball  was  attraded  by  them  alternately,  till  the  phial  was  dis¬ 
charged 

The  European  eledricians  had  obferved,  that  a  phial  could 
not  be  charged  unlefs  fome  condudor  was  in  contad  with  the 
outfide;  but  Dr.  Franklin  made  the  obfervation  more  general, 
and  alfo  was  able,  by  the  principle  above  mentioned,  to  give  a 
better  account  of  it.  As  no  more  eledric  fire,  he  fays,  can  be 
thrown  into  the  infide  of  a  phial  when  all  is  driven  from  the 
outfide ;  fo,  in  a  phial  not  yet  charged,  none  can  be  thrown 
into  the  infide  when  none  can  be  got  from  the  outfide.  He 
alfo  fhowed,  by  a  beautiful  experiment,  that,  when  the  phial  was 
charged,  one  fide  loft  exadly  as  much  as  the  other  gained,  in 
reftoring  the  equilibrium.  Flanging  a  fmall  linen  thread  near 
the  coating  of  an  eledrified  phial,  he  obferved,  that  every  time 
he  brought  his  finger  near  the  wire,  the  thread  was  attraded  by 
the  coating.  For  as  the  fire  was  taken  from  the  infide  by  touch- 
ing  the  wire,  the  outfide  drew  in  an  equal  quantity  by  the 
thread  -f. 

He  proved  that,  in  difcharging  the  phial,  the  giving  from 
one  fide  was  exadly  equal  to  the  receiving  by  the  other,  by 
placing  a  perfon  upon  eledrics,  and  making  him  difcharge  the 
phial  through  his  body;  when  he  obferved,  that  no  eledricity 
remained  in  him  after  the  difcharge  J.  He  alfo  hung  cork 
balls  upon  an  infulated  condudor  at  the  time  of  the  difcharge  of 
a  phial  hanging  to  it ;  and  obferved,  that  if  they  did  not  repel  be¬ 
fore  the  explohon,  they  did  not  repel  at  the  time,  nor  after  §. 
But  the  experiment  which  moft  completely  proved,  that  the 

,  ll  f  i  r  *  r  {  * 

*  Franklin’s  Letters,  p.  5.  f  Ibid.  j  Ibid  p.  8.  §  Ibid.  p.  84. 
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coating  on  one  fide  received  j  nil  as  much  'as  was  emitted  from 
the  difcharge  of  the  other,  was  the  following. 

He  infulated  his  rubber,  and  then,  hanging  a  phial  to  his  con¬ 
ductor,  he  found  it  could  not  be  charged,  even  though  his  hand 
was  held  conftantly  to  it;  becaufe,  though  the  eleilric  fire  might 
leave  the  outfide  of  the  phial,  there  was  none  collected  by  the 
rubber  to  be  conveyed  into  the  iniide.  He  then  took  away 
his  hand  from  the  phial,  and  forming  a  communication,  by  a  wire 
from  the  outfide  coating  to  the  infulated  rubber,  he  found 
that  it  was  charged  with  eafe.  In  this  cafe,  it  was  plain,  that  the 
very  fame  fire  which  left  the  outfide  coating  was  conveyed  by  the 
way  of  the  rubber,  the  globe,  the  conductor,  and  the  wore 
of  the  phial,  into  the  infide  *. 

Dr.  Franklin’s  new  theory  of  charging  the  Leyden  phial 
led  him  to  obferve  a  greater  variety  of  fa&s,  relating  both  to 
charging  and  difcharging  it,  than  other  philofophers  had  attended 
to.  He  found  that  the  phial  would  be  ele&rified  as  firongly  if 
it  w^ere  held  by  the  hook,  and  the  coating  applied  to  the 
globe  or  tube,  as  if  it  were  held  by  the  coating,  and  the  hook 
applied;  and,  confequently,  that  there  would  be  the  fame  ex- 
plolion,  and  fhock,  if  the  electrified  phial  were  held  in  one  hand 
by  the  hook,  and  the  coating  touched  with  the  other,  as  when 
held  by  the  coating,  and  touched  at  the  hook.  To  take  the 
charged  phial  by  the  hook  with  fafety,  and  not  diminifh  its 
force,  he  obferves,  that  it  muft  firfi:  be  fet  down  upon  eleCtrics 
per  fe  f*. 

Dr.  Franklin  obferved,  that  if  a  man  held  in  his  hand 
two  phials,  the  one  fully  electrified,  and  the  other  not  at  all, 
and  brought  their  hooks  together,  he  would  have  but  half  a 
ftiock  :  for  the  phials  would  both  remain  only  half  elec-* 

#  Franklin’s  Letters,  p.  83.  f  Ibid.  p.  19. 

trifled 


Per.  IX.  Sec.  I.  THE  LEYDEN  PHIAL.  159 

V 

trifled,  the  one  being  half  charged,  and  the  other  half  dif- 
charged  *. 

If  two  phials  were  charged  both  through  their  hooks,  a 
cork  ball  fufpended  on  filk,  and  hanging  between  them,  would 
firft  be  attracted,  and  then  repelled  by  both  ;.  but  if  they  were 
electrified,  the  one  through  the  wire,  and  the  other  through 
the  coating,  the  ball  would  play  vigoroufly  between  them 
both,  till  they  were  nearly  difcharged  j\  The  Dodor  did  not, 
at  that  time,  take  notice,  that  if  the  phials  were  both  charged 
through  their  coatings  (by  which  botn  the  hooks  would  have 
been  eledrified  minus)  the  ball  would  be  repelled  by  them 
both,  as  when  they  were  eledrified  plus.  And  when  he,  af¬ 
terwards,  obferved  that  two  bodies  eledrified  minus  repelled  one 
another,  he  feems  to  have  been  furprifed  at  the  appearance,  and 
acknowledged  that  he  could  not  fatisfadonly  account  for  it  l|l. 

Ir  was  known  to  every  eledrician,  that  a  globe  or  tube  wet 
on  the  infide  would  afford  little  or  no  fire;  but  no  good  rea~ 
fon  was  given  for  it,  before  Dr.  Franklin  attempted  its  expla¬ 
nation  by  the  help  of  his  general  maxim.  He  fays,  that  when 
a  tube  lined  with  any  non-eledric  is  rubbed,  what  is  colleded 
from  the  hand  by  the  downward  ftroke  enters  the  pores  of  the 
glafs,  driving  an  equal  quantity  out  of  the  inner  furface,  into  the 
non-eledric  lining;  and  that  the  hand,  in  palling  up  to  take  a 
fecond  ftroke,  takes  out  again  what  had  been  thrown  into  the 
outward  furface,  the  inner  furface  at  the  fame  time  receiving 
back  again  what  it  had  given  to  the  non-eledric  lining;  fo  that 
the  particles  of  the  eledric  fluid  go  in  and  out  of  their  pores, 
upon  every  ftroke  given  to  the  tube  §. 

If,  in  thefe  circumftances,  a  wire  was  put  into  the  tube,  he 
obferved,  that,  if  one  perfon  touched  the  wire,  while  another 

*  Franklin’s  Letters,  p.  21.  t  Ibid.  J  Ibid.  p.  34.  §  Ibid.  p.  76. 
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was  rubbing  the  tube,  and  took  care  to  withdraw  his  finger  as 
Toon  as  he  had  taken  the  fpark,  which  had  been  made  to  fly  from 
the  infide,  it  would  be  charged  *. 

If  the  tube  was  exhaufted  of  air,  he  obferves,  that  a  non- 
eledric  lining  in  contact  with  the  wire  was  not  neceflary ;  for 
that,  in  vacuo,  the  eledric  fire  would  fly  freely  from  the  inner 
furface,  without  a  non-eledric  conductor  f. 

Upon  the  fame  principle  he  accounts  for  the  effeds  of  an 
excited  eledric  being  perceived  through  the  glafs  in  the  va¬ 
cuum  beyond  it.  The  tube  and  its.  excited  atmofphere,  be¬ 
ing  brought  near  a  glafs  veflel,  repels  the  eledric  fluid  from 
the  inner  furface  of  the  glafs;  and  this  fluid,  ifluing  from 
the  inner  furface  ads  upon  light  bodies  in  the  vacuum,  both  in 
its  paffage  from  the  glafs,  and  likewife  in  its  return  to  it,  when 
the  excited  eledric  on  the  outfide  is  withdrawn  J. 

This  maxim,  that  whatever  the  phial  takes  in  at  one  furface  it 
lofes  at  the  other,  led  Dr.  Franklin  to  think  of  charging  feveral 
phials  together  with  the  fame  trouble,  by  conneding  the  out¬ 
fide  of  one  with  the  infide  of  another;  whereby  the  fluid  that 
was  driven  out  of  the  firft  would  be  received  by  the  fecond,  and 
what  was  driven  out  of  the  fecond  would  be  received  by  the  third, 
&c.  By  this  means  he  found,  that  a  great  number  of  bottles 
might  be  charged  with  the  fame  labour  as  one  only;  and  that 
they  might  be  charged  equally  high,  were  it  not  that  every 
bottle  receives  the  new  fire,  and  lofes  its  old  with  fome  relu'c- 
ance,  or  rather  gives  fome  fmall  refiftance  to  the  charging. 
This  cirumftance,  he  fays,  m  a  number  of  bottles,  becomes 
more  equal  to  the  charging  power,  and  fo  repels  the  fire  back 
again  on  the  globe  fooner  than  a  Angle  bottle  would  do  §. 

*  Frank!in’s  Letters,  p.  77.  f  Ibid.  j  Ibid.  p.  78.  §  Ibid.  p.  12. 
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Upon  this  principle  Dr.  Franklin  conftruded  an  ckttrical  bat¬ 
tery ,  confifting  of  eleven  panes  of  large  fafh  glafs,  coated  on 
each  fide,  and  fo  connected,  that  charging  one  of  them  would 
charge  them  all.  Then  having  a  contrivance  to  bring  all  the 
giving  fides  in  contad  with  one  wire,  and  all  the  receiving  iides 
with  another,  he  united  the  force  of  all  the  plates,  and  diicharged 
them  all  at  once  *, 

When  Dr.  Franklin  firlt  began  his  experiments  upon  the  Ley^ 
den  phial,  he  imagined  that  the  eledric  fire  was  all  crowded  into 
the  fubflance  of  the  non-eledric  in  contad  with  the  glafs  ;  but 
he  afterwards  found,  that  its  power  of  giving  a  fhock  lay  in 
the  glafs  itfelf,  and  not  in  the  coating,  by  the  following  ingeni¬ 
ous  analyfis  of  the  bottle. 

In  order  to  find  where  the  flrength  of  the  charged  bottle  lay, 
he  placed  it  upon  glafs ;  then  firft  took  out  the  cork  and  the  wire, 
and  finding  the  virtue  was  not  in  them  ;  he  touched  the  outfide 
coating  with  one  hand,  and  put  the  finger  of  the  other  into  the 
mouth  of  the  bottle;  when  the  fhock  was  felt  quite  as  ftrong  as 
if  the  cork  and  wire  had  been  in  it.  He  then  charged  the  phial 
again,  and  pouring  out  the  water  into  an  empty  bottle  infulat- 
ed,  expeded  that  if  the  force  refided  in  the  water  it  would 
give  the  fhock,  but  he  found  it  gave  none.  He  then  judged 
that  the  eledric  fire  muft  either  have  been  loft  in  decanting,  or 
muft  remain  in  the  bottle ;  and  the  latter  he  found  to.be  true ;  for, 
filling  the  charged  bottle  with  frefh  water,  he  found  the  fhock, 
and  was  fatisfied  that  the  power  of  giving  it  refided  in  the  glafs 
itfelf +. 

The  Dodor  made  the  fame  experiment  with  panes  of  glafs, 
laying  the  coating  on  lightly,  and  changing  it,  as  he  had  be¬ 
fore  changed  the  water  in  the  bottle,  and  the  refult  was  the  fame 
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in  both  *.  This  experiment  is  more  fatisfadory  than  the  former  ; 
becaufe,  when  the  water  is  poured  out  of  the  phial,  there  fbill 
remains  a  thin  coating  of  the  fluid,  which  might  be  thought  to 
contain  the  power  of  giving  a  fhock. 

That  the  eledric  fire  refided  in  the  glafs,  was  alfo  farther 
evident  from  this  confideration,  that  when  glafs  was  gilt,  the 
difcharging  of  it  would  make  a  round  hole,  tearing  off  a  part 
of  the  gilding,  which,  the  Dodor  thought,  could  only  have  been 
done  by  the  fire  coming  out  of  the  glafs  through  the  gilding* 
He  alfo  fays,  that  when  the  gilding  was  varnifhed  even  with 
turpentine,  this  varnifh,  though  dry  and  hard,  would  be  burned 
by  the  fpark  driven  through  it,  yielding  a  ftrong  fmell,  and 
a  vifible  fmoke.  Alfo,  that  when  a  fpark  was  driven  through 
paper,  it  would  be  blackened  by  the  fmoke,  which  fometimes 
penetrated  feveral  of  the  leaves,  and  that  part  of  the  gilding  which 
had  been  torn  off  was  found  forcibly  driven  into  the  hole  made 
in  the  paper  by  the  ffroke.  He  alfo  obferved,  that  when  a  thin 
bottle  was  broken  by  a  charge,  the  glafs  was  broken  inwards, 
at  the  fame  time  that  the  gilding  was  broken  outwards  *f. 

Lastly,  Dr.  Franklin  difcovered,  that  feveral  fubftances  which 
would  conduct  eledricity  in  general,  would  not  conduct  the 
fhock  of  a  charged  phial.  A  wet  packthread,  for  inftance,  though 
it  tranfmitted  eledricity  very  well,  fometimes  failed  to  conduct 
a  fhock ;  as  alfo  did  a  cake  of  ice.  Dry  earth  too  rammed  into  a 
glafs  tube  intirely  failed  to  condud  a  fhock,  and  indeed  would 
convey  eledricity  but  very  imperfedly  J. 

*  Franklin’s  Letters  p.  25.  f  Ibid,  p  32.  J  Ibid,  p.3 3> 
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Dr.  FRANKLIN’S  discoveries  concerning  the  similarity 

OF  LIGHTNING  AND  ELECTRICITY. 


TH  E  greateft  difcovery  which  Dr.  Franklin  made  concern¬ 
ing  electricity,  and  which  has  been  of  the  greateft  prac¬ 
tical  ufe  to  mankind,  was  that  of  the  perfect  fimilarity  between 
electricity  and  lightning.  The  analogy  between  thefe  two 
powers  had  not  been  wholly  unobferved  by  philofophers,  and 
efpecially  by  electricians,  before  the  publication  of  Dr.  Franklin’s 
difcovery.  It  was  fo  obvious,  that  it  had  ftruck  feveral  perfons. 
I  fhall  give  one  inftance,  in  the  fagacious  Abbe  Nollet. 

The  Abbe  fays*,  “  If  any  one  Ihould  take  upon  him  to 
<c  prove,  from  a  well  connected  comparifon  of  phenomena, 
“  that  thunder  is,  in  the  hands  of  nature,  what  eleCtricity  is  in 
“  ours,  that  the  wonders  which  we  now  exhibit  at  our  plea- 
<c  fure  are  little  imitations  of  thofe  great  effeCts  which  frighten  us, 
“  and  that  the  whole  depends  upon  the  fame  mechanifm;  if  it 
“  is  to  be  demonftrated,  that  a  cloud,  prepared  by  the  aCtion  of 
“  the  winds,  by  heat,  by  a  mixture  of  exhalations,  &c.  is  op- 
li  pofite  to  a  terreftrial  objeCt;  that  this  is  the  eleCtrized  body, 
u  and,  at  a  certain  proximity  from  that  which  is  not  ;  I  avow 
"  that  this  idea,  if  it  was  well  fupported,  would  give  me  a 


*  Le$ons  de  Phyfique,  Vol.  iv,  p.  34. 
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cc  great  deal  of  pleafure;  and  in  fupport  of  it,  how  many  fpe- 
«  cions  reafons  prefent  themfelves  to  a  man  who  is  well  acquaint- 
“  ed  with  eledricity.  The  univerfality  of  the  eledric  matter,  the 
“  readinefs  of  its  adion,  its  inflammability,  and  its  adivity  in 
“  giving  fire  to  other  bodies,  its  property  of  ftriking  bodies 
“  externally  and  internally,  even  to  their  fmallefl  parts,  the  re- 
“  markable  example  we  have  of  this  effed  in  the  experiment 
“  of  Leyden,  the  idea  which  we  might  truly  adopt  in  fup- 
ct  pofing  a  greater  degree  of  eledric  power,,  &c.  all  thefe 
“  points  of  analogy,  which  I  have  been  fome  time  meditating,. 
11  begin  to  make  me  believe-,  that  one  might,  by  taking  elec— 
“  tricity  for  the  model,  form  to  one’s  felf,  in  relation  to  thunder 
“  and  lightning,  more  perfed  and  more  probable  ideas  than 
“  what  have  been  offered  hitherto,  &c.” 

Mr.  Winckler  alfo  enumerated  many  particulars,  in  which 
eledricity  and  lightning  refemble  one  another  *► 

But  though  the  Abbe,  and  others,  had  been  flruck  with 
the  obvious  analogy  between  lightning  and  eledricity,  they 
went  no  farther  than  thefe  arguments  a  priori.  It  was  Dr.  Frank¬ 
lin  who  firfl:  propofed  a  method  of  verifying  this  hypothefis, 
entertaining  the  bold  thought,  as  the  Abbe  Nollet  exprefies 
it,  of  bringing  lightning  from  the  heavens,  of  thinking  that 
pointed  iron  rods,  fixed  in  the  air,  -when  the  atmofphere  was 
loaded  with  lightning,  might  draw  from  it  the  matter  of  the 
thunderbolt,  and  difcharge  it  without  noife  or  danger  into  the 
immenfe  body  of  the  earth,  where  it  would  remain  as  it  were 
abforbed. 

Moreover,  though  Dr.  Franklin’s  diredions  were  firfl  begun 
to  be  put  in  execution  in  France,  he  himfelf  completed  the  de- 
monflration  of  his  own  problem,  before  he  heard  of  what  had 


*  Bantzick. Memoirs,  Vol.  iii.  p.  528. 


been 


LIGHTNING. 


Per. DC.  Sec.IL 


been  done  elfewhere  :  and  he  extended  his  experiments  fo  far  as 
a  dually  to  imitate  almoft  all  the  known  effeds  of  lightning  by 
eledricity,  'and  to  perform  every  eledrical  experiment  by  light¬ 
ning. 

But  before  I  relate  any  of  Dr.  Franklin’s  experiments  con¬ 
cerning  lightning,  I  mu  ft  take  notice  of  what  he  obferved  con¬ 
cerning  the  power  of  pointed  bodies ,  by  means  of  which  he 
was  enabled  to  carry  his  great  defigns  into  execution.  For  he 
was  properly  the  firft  who  obferved  the  intire  and  wonderful  effed 
of  pointed  bodies,  both  in  drawing,  and  throwing  off  the  eledric 
fire. 

It  was  a  fmall  ftep  towards  difcovering  the  effed  of  pointed 
bodies,  that  Carolus  Auguftus  van  Bergen,  profeffor  of  medicine 
at  Frankfort  on  the  Oder,  obferved  that  fparks  taken  from  a  po¬ 
liced  body  were  ftronger  than  thofe  from  a  rough  one.  He  could 
fire  fpirit  eafily  with  a  polifhed  condudor,  but  with  difficulty  by 
means  of  one  not  polifhed 

Mr.  jALLABERT  was  perhaps  the  firft  who  obferved  that 
a  body,  pointed  at  one  end,  and  round  at  another,  produced 
different  appearances  upon  the  fame  body,  according  as  the 
pointed,  or  round  end  was  prefented  to  it.  But  as  Mr.  Nollet, 
in  whofe  prefence  he  made  the  experiment,  fays,  the  efted  was 
not  conftant,  and  nothing  was  inferred  from  itf.  And  the 
Abbe  acknowledges,  that  Dr.  Franklin  was  the  firft  who  fh ow¬ 
ed  the  property  of  pointed  bodies,  in  drawing  off  eledricity  more 
effedually,  and  at  greater  diftances  than  other  bodies  could: 
it  J. 


*  Dantzick  Memoirs,  Vol.  II.  p.  378.  +  Lettres,  Vol.  i»  p.  130. 

j  Recherches,  p.  132.  Dr.  Franklin,  in  the  new  edition  of  his  Letters,  p.  fays, 
that  the  power  of  points  to  throw  off  the  eleflric  fire,  was  communicated  to  him  by 
his  friend  Mr.  Thomas  Hopkinfon,  who  eleftrified  an  iron  ball  of  three  or  four  inches 
diameter,  with  a  needle  faftened  to  it,  expe&ing  to  draw  a  ftronger  fpark  from  the  point,, 
as  from  akind  of  focus,  but  \yas  furprifed  to  find  little  or  none. 
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He  electrified  an  iron  fliot,  three  or  four  inches  in  diame¬ 
ter,  and  obferved,  that  it  would  not  attract  a  thread,  when  the 
point  of  a  needle  was  prefented  to  it ;  but  that  this  was  not  the 
cafe,  unlefs  the  pointed  body  had  a  communication  with  the  earth  ; 
for,  prefenting  the  fame  pointed  body,  ftuck  on  a  piece  of  feal- 
ing-wax,  it  had  not  that  effeCt ;  though  the  moment  the  pointed 
body  was  touched  with  his  finger,  the  electricity  of  the  ball  to 
which  it  was  fufpended  was  difcharged.  The  converfe  of  this  he 
proved,  by  finding  it  impoflible  to  electrify  the  iron  fliot  when  a 
iharp  needle  lay  upon  it*. 

By  obferving  points  of  different  degrees  of  acutenefs,  Dr. 
Franklin  corrected  the  conclufion  of  Mr.  Ellicott,  and  other 
Englifh  electricians,  that  a  pointed  body,  as  a  piece  of  leaf 
gold,  would  always  be  fufpended  nearer  to  the  plate  which 
was  uneleCtrified  than  that  which  was  electrified,  if  it  were 
put  between  them.  For  the  DoCtor  obferved,  that  it  always  re¬ 
moved  fartheft  from  that  plate  to  which  its  fharpeft  point  was 
prefented,  whether  it  was  electrified  or  not ;  and  if  one  of  the 
points  was  very  blunt,  and  the  other  very  fharp,  it  would  be 
fufpended  in  the  air  by  its  blunt  end,  near  the  eleClrified  body, 
without  any  uneleCtrified  plate  being  held  below  it  at  all  f . 

Dr.  Franklin  endeavoured  to  account  for  this  effeCt  of  point¬ 
ed  bodies,  by  fuppofing  that  the  bafe  on  which  the  eledric  fluid 
at  the  point  of  an  electrified  body  refted,  being  final],  the  attrac¬ 
tion  by  which  the  fluid  was  held  to  the  body  was  flight;  and 
that,  for  the  fame  reafon,  the  refiftance  to  the  entrance  of  the 
fluid  was  proportionably  weaker  in  that  place  than  where  the 
furface  was  flat  But  he  himfelf  candidly  owns,  that  he  was 
not  quite  fatisfied  with  this  hypoihefis.  Whatever  we  think  of 
Dr.  Franklin’s  theory  of  the  influence  of  pointed  conductors  in 

*  Pr  arjd  in’s  Letters,  p.  56,  &c.  f  Ibid.  p.  67.  j  Ibid.  p.  S6. 
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drawing  and  throwing  off  the  ete&ric  fluid,  the  world  is  great¬ 
ly  indebted  to  him  for  the  practical  ufe  he  made  of  this  do&rine  *. 

The  manner  in  which  Dr.  Franklin  firft  conceived  the  prac¬ 
ticability  of  drawing  lightning  from  the  clouds  may  be  feen 
in  an  extra£l  which  he  has  given  us  from  his  memorandums* 
November  7th,  1749.  After  enumerating  all  the  known  points 
of  refemblance  between  lightning  and  electricity,  he  concludes 
with  faying,  “  The  eleCtric  fluid  is  attracted  by  points.  We  do 
“  not  know  whether  this  property  be  in  lightning,  but  fince  they 
“  agree  in  all  the  particulars  in  which  we  can  already  compare 
“  them,  it  is  not  probable  that  they  agree  likewife  in  this.  Let  the 
u  experiment  be  made.’*  Every  circumftance  relating  to  a  difco- 
very  of  fo  much  importance  as  this,  is  interefting  and  pleafing^ 

Dr.  Franklin  begins  his  account  of  the  fimilarity  of  the 
ele&ric  fluid  and  lightning  by  cautioning  his  readers  not  to  be 
flaggered  at  the  great  difference  of  the  effeCls  in  point  of  de* 
gree ;  fince  that  is  no  argument  of  any  difparity  in  their  nature. 
It  is  no  wonder,  fays  he,  if  the  effe&s  of  the  one  fhould  be  fo 
much  greater  than  thofe  of  the  other.  For  if  two  gun  barrels 
ele&rified  will  ftrike  at  two  inches  diflance,  and  make  a  loud 
report,  at  how  great  a  diflance  will  ten  thoufand  acres  of  elec¬ 
trified  cloud  ffrike,  and  give  its  fire,  and  how  loud  muff  be  that 
crack  J  ! 

I  shall  digeff  all  Dr.  Franklin’s  obfervations  concerning 
lightning  under  the  feveral  points  of  refemblance  which  he  ob- 
ferved  between  it  and  electricity,  mentioning  thefe  points  of 
fimilarity  in  the  order  in  which  he  himfelf  remarked  them ;  only 
bringing  into  one  place  the  obfervations  which  may  happen  to 
lie  in  different  parts  of  his  letters,  when  they  relate  to  the 
fame  fubjeCt. 

;  I 

* 

*  Franklin’s  Letters,  p.  62.  f*  Letters,  New  Edit.  p.  323. 

X  Franklin’s  Letters,  p.  44. 
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1.  Flashes  of  lightning,  he  begins  with  obferving,  are  gene¬ 
rally  feen  crooked,  and  waving  in  the  air.  The  fiyne,  lays 
he,  is  the  eleCtric  fpark  always,  when  it  is  drawn  from  an  irre¬ 
gular  body  at  fome  diftance  *.  He  might  have  added,  when 
it  is  drawn  by  an  irregular  body,  or  through  a  fpace  in  which 
the  heft  conductors  are  difpofed  in  an  irregular  manner,  which 
is  always  the  cafe  in  the  heterogeneous  atmofphere  of  our 
globe. 

2.  Lightning  ftrikes  the  higheft  and  molt  pointed  objects 
in  its  way  preferably  to  others,  as  high  hills,  and  trees,  towers, 
fpires,  malts  of  fhips,  points  of  fpears,  &c.  In  like  manner, 
all  pointed  conductors  receive  or  throw  off  the  eleCtric  fluid 
more  readily  than  thofe  which  are  terminated  by  flat  furfacesf. 

3.  Lightning  is  obferved  to  take  the  readied;  and  belt  con¬ 
ductor.  So  does  eleCtricity  in  the  difcharge  of  the  Leyden  phial. 
For  this  reafon,  the  DoCtor  fuppofes  that  it  would  be  fafer,  during 
a  thunder  llorm,  to  have  one’s  cloaths  wet  than  dry,  as  the  light¬ 
ning  might  then,  in  a  great  meafure,  be  transmitted  to  the 
ground,  by  the  water,  on  the  outfide  of  the  body.  It  is  found, 
fays  he,  that  a  wet  rat  cannot  be  killed  by  the  explolion  of  the 
eleClrical  bottle,  but  that  a  dry  rat  may  *f*. 

4.  Lightning  burns.  So  does  eleCtricity.  Dr.  Franklin 
fays,  that  he  could  kindle  with  it  hard  dry  rofin,  fpirits  un warm¬ 
ed,  and  even  wood.  He  fays,  that  he  fired  gunpowder,  by 
only  ramming  it  hard  in  a  cartridge,  into  each  end  of  which 
pointed  wires  were  introduced,  and  brought  within  half  an  inch 
of  one  another,  and  difcharging  a  fhock  through  them  J. 

5.  Lightning  fometimes  diflolves  metals.  So  does  eleCtricity, 
though  the  DoCtor  was  miftaken  when  he  imagined  it  was  by  a 
cold  fuflon,  as  will  appear  in  its  proper  place.  The  method 


*  Franklin’s  Letters,  p.  46. 


f  Ibid.  p.  47. 
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in  which  Dr.  Franklin  made  eleCtricity  melt  metals  was  by  putting 
thin  pieces  of  them  between  two  panes  of  glafs  bound  fall  to¬ 
gether,  and  fending  an  eleClric  fhock  through  them.  Some¬ 
times  the  piece  of  glafs,  by  which  they  were  confined,  would 
be  fhattered  to  pieces  by  the  difcharge,  and  be  broken  into  a 
kind  of  coarfe  fand,  which  once  happened  with  pieces  of  thick 
looking-glals ;  but  if  they  remained  whole,  the  piece  of  metal 
would  be  miffing  in  feveral  places  where  it  had  lain  between 
them,  and  initead  of  it,  a  metallic  fiain  would  be  feen  on  both 
the  glafies,  the  ftains  on  the  under  and  upper  glafs  being 
exactly  fimilar  in  the  minuteft  firoke  *. 

A  piece  of  leaf  gold  treated  in  this  manner  appeared  not  only 
to  have  been  melted,  but,  as  the  DoCtcr  thought,  even  vitri¬ 
fied,  or  otherwife  fo  driven  into  the  pores  of  the  glafs,  as  to  be 
protected  by  it  from  the  aCtion  of  the  ftrongeft  aqua  regis.  Some¬ 
times  he  obferved  that  the  metallic  flains  would  fpread  a  little 
wider  than  the  breadth  of  the  thin  pieces  of  metal.  True  gold, 
he  obferved,  made  a  darker  fiain,  fomewhat  reddifh,  and  filver  a 
greenifh  fiain  f. 

Mr.  Wilson  fuppofes  that,  in  this  experiment,  the  gold  was 
not  driven  into  the  pores  of  the  glafs,  but  only  into  fo  near  a 
contact  with  the  furface  of  the  glafs,  as  to  be  held  there  by  an  ex¬ 
ceedingly  great  force ;  fuch  an  one,  he  fays,  as  is  exerted  at  the 
furface  of  all  bodies  whatever  J. 

6.  Lightning  rends  fome  bodies.  The  fame  does  electrici¬ 
ty  §.  The  DoCtor  obferves,  that  the  eleCtric  fpark  would  firike 
a  hole  through  a  quire  of  paper.  When  wood,  bricks,  fione, 
&c.  are  rent  by  lightning,  he  takes  notice,  that  the  lplinters 
will  fly  off  on  that  fide  where  there  is  the  leaf!  refiftance.  In 
like  manner,  he  fays,  when  a  hole  is  ftruck  through  a  piece 

+  Ibid.  p.  68. 

§  Franklin's  Letters,  p.  49. 
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of  pafteboard  by  an  eledrified  jar,  if  the  furfaces  of  the  pafle- 
board  are  not  confined  and  compreffed,  there  will  be  a  bur  raifed 
all  round  the  hole  on  both  fides  of  the  pafleboard  ;  but  that  if  one 
fide  be  confined,  fo  that  the  bur  cannot  be  raifed  on  that  fide,  it 
will  all  be  raifed  on  the  other  fide,  which  way  foever  the  fluid 
was  direded.  For  the  bur  round  the  outfide  of  the  hole  is  the 
effect  of  the  explofion,  which  is  made  every  way  from  the 
center  of  the  eledric  flream,  and  not  an  effed  of  its  diredion  * 

7.  Lightning  has  often  been  known  to  flrike  people  blind. 
And  a  pigeon,  after  a  violent  fhock  of  eledricity,  by  which 
the  Dodor  intended  to  have  killed  it,  was  obferved  to  have  been 
flruck  blind  likewife  f. 

8.  In  a  thunder  florm  at  Stretham,  defcribed  by  Dr.  Miles 
the  lightning  ftripped  off  fome  paint  which  had  covered  a  gilded 
molding  of  a  pannel  of  wainfeot,  without  hurting  the  refl  of 
the  paint.  Dr.  Franklin  imitated  this,  by  palling  a  flip  of  paper 
over  the  filleting  of  gold  on  the  cover  of  a  book,  and  fending 
an  eledric  flafh  through  it.  The  paper  was  torn  off  from  end 
to  end,  with  fuch  force,  that  it  was  broken  in  feveral  places  ; 
and  in  others  there  was  brought  away  part  of  the  grain  of  the 
Turkey  leather  in  which  the  book  was  bound.  This  convinced 
the  Dodor,  that  if  it  had  been  paint,  k  wrould  have  been 
ftripped  off  in  the  fame  manner  with  that  on  the  wainfeot  at 
Stretham  §. 

9.  Lightning  deflroys  animal  life.  Animals  have  likewife 
been  killed  by  the  fhock  of  eledricity.  The  largefl  animals 
which  Dr.  Franklin  and  his  friends  had  been  able  to  kill  were  a 
hen,  and  a  turkey  which  weighed  about  ten  pounds  ||. 

*  Franklin’s  Letters,  p.  124.  f  Ibid.  p.  36. 

J  Phil.  Tranf.  abridged,  Vol.  xlv,  p,  387.  §  Ibid.  p.  64. 
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10.  Magnets  have  been  obferved  to  lofe  their  virtue,  or  to 
have  their  poles  reverfed  by  lightning.  The  fame  did  Dr.  Frank¬ 
lin  by  eledricity.  By  eledricity  he  frequently  gave  polarity  to 
needles,  and  reverfed  them  at  pleafure.  A  fhock  from  four 
large  jars,  fent  through  a  fine  fewing  needle,  he  fays,  gave  it 
polarity,  fo  that  it  would  traverfe  when  laid  on  water.  What  is 
moft  remarkable  in  thefe  eledrical  experiments  upon  magnets 
is,  that  if  the  needle,  when  it  was  ftruck,  lay  Eaft  and  Weft,  the 
end  which  was  entered  by  the  eledric  blaft  pointed  North,  but 
that  if  it  lay  North  and  South,  the  end  which  lay  towards  the 
North,  would  continue  to  point  North,  whether  the  fire  entered 
at  that  end  or  the  contrary  ;  though  he  imagined,  that  a  ftronger 
ftroke  would  have  reverfed  the  poles  even  in  that  fituation,  an 
effed  which  had  been  known  to  have  been  produced  by  light¬ 
ning.  He  alfo  obferved,  that  the  polarity  was  ftrongeft  when  the 
needle  was  ftruck  lying  North  and  South,  and  weakeft  when  it 
lay  Eaft  and  Weft.  He  takes  notice  that,  in  thefe  experiments, 
the  needle,  in  fome  cafes,  would  -be  finely  blued,  like  the  fpring 
of  a  watch,  by  the  eledric  flame ;  in  which  cafe  the  colour  given 
by  a  flafh  from  two  jars  only  might  be  wiped  off,  but  that  a  flafti 
from  four  ]ars  fixed  it,  and  frequently  melted  the  needles.  The 
jars  which  the  Dodor  ufed  held  feven  or  eight  gallons,  and  were 
coated  and  lined  with  tinfoil  *. 

To  demonftrate,  in  the  completed  manner  pofiible,  the  fame- 
nefs  of  the  eledric  fluid  with  the  matter  of  lightning,  Dr. 
Franklin,  aftoniftiing  as  it  muft  have  appeared,  contrived  adually 
to  bring  lightning  from  the  heavens,  by  means  of  an  eledrical 
kite,  which  he  raifed  when  a  ftorm  of  thunder  was  perceived  to 
be  coming  on.  This  kite  had  a  pointed  wire  fixed  upon  it, 
by  which  it  drew  the  lightning  from  the  clouds.  This  light— 


*  Franklin’s  Letters,  p.  90,  &c„ 
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ning  defcended  by  the  hempen  firing,  and  was  received  by  a  ke) 
tied  to  the  extremity  of  it  ;  that  part  of  the  firing  which  was 
held  in  his  hand  being  of  filk,  that  the  ele&ric  virtue  might 
flop  when  it  came  to  the  key.  He  found  that  the  firing  would  con¬ 
duct  electricity  even  when  nearly  dry,  but  that  when  it  was  wet, 
it  would  conduct  it  quite  freely  •,  fo  that  it  would  flream  oiu 
plentifully  from  the  key,  at  the  approach  of  a  perfon’s  finger  *. 

At  this  key  he  charged  phials,  and  from  eleCtric  fire  thus 
obtained,  he  kindled  fpirits,  and  performed  all  other  eleCfrical  ex¬ 
periments  which  are  ufually  exhibited  by  an  excited  globe  or 

tube. 

As  every  circumflance  relating  to  fo  capital  a  difeovery  as  this 
(the  greatefl,  perhaps,  that  has  been  made  in  the  whole  compafs 
of  philofophy,  fince  the  time  of  Sir  Ifaac  Newton)  cannot  but 
give  pleafure  to  all  my  readers,  I  fhall  endeavour  to  gratify  them 
with  the  communication  of  a  few  particulars  which  I  have  from 
the  befl  authority. 

The  DoCtor,  after  having  publifhed  his  method  of  verifying 
his  hypothefis  concerning  the  famenefs  of  eleClricity  with  the 
matter  of  lightning,  was  waiting  for  the  ereCtion  of  a  fpire  in  Phi¬ 
ladelphia  to  carry  his  views  into  execution  ;  not  imagining  that  a 
pointed  rod,  of  a  moderate  height,  could  anfwer  the  purpofe ; 
when  it  occurred  to  him,  that,  by  means  of  a  common  kite,  be 
could  have  a  readier  and  better  accefs  to  the  regions  of  thunder 
than  by  any  fpire  whatever.  Preparing,  therefore,  a  large  filk 
handkerchief,  and  two  crofs  flicks,  of  a  proper  length,  on  which 
to  extend  it,  he  took  the  opportunity  of  the  fir  ft  approaching 
thunder  ftorm  to  take  a  walk  into  a  field,  in  which  there  was  a 
fired  convenient  for  his  purpofe.  But  dreading  the  ridicule  which 
too  commonly  attends  unfuccefsful  attempts  in  fcience,  he 
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communicated  his  intended  experiment  to  no  body  but  his  fon, 
who  abided  him  in  railing  the  kite. 

The  kite  being  raifed,  a  confiderable  time  elapfed  before  there 
was  any  appearance  of  its  being  eledrified.  One  very  pro¬ 
mising  cloud  had  pabed  over  it  without  any  effed  ;  when,  at 
length,  juft  as  he  was  beginning  to  defpair  of  his  contrivance, 
he  obferved  fome  lofe  threads  of  the  hempen  bring  to  band 
ered,  and  to  avoid  one  another,  jub  as  if  they  had  been  fuf- 
pended  on  a  common  condudor.  Struck  with  this  promifmg 
appearance,  he  immediately  prefented  his  knucle  to  the  key,  and 
(let  the  reader  judge  of  the  exquifite  pleafure  he  mub  have  felt 
at  that  moment)  the  difcovery  was  complete.  He  perceived  a 
very  evident  eledric  fpark.  Others  fucceeded,  even  before  the 
bring  was  wet,  fo  as  to  put  the  matter  pab  all  difpute,  and  when 
the  rain  had  wetted  the  bring,  he  colleded  eledric  fire  very 
copiouby.  This  happened  in  June  1752,  a  month  after  the  elec¬ 
tricians  in  France  had  verified  the  fame  theory,  but  before  he 
had  heard  of  any  thing  that  they  had  done. 

Besides  this  kite,  Dr.  Franklin  had  afterwards  an  infulated 
iron  rod  to  draw  the  lightning  into  his  houfe,  in  order  to  make 
experiments  whenever  there  fhould  be  a  confiderable  quantity 
of  it  in  the  atmofphere;  and  that  he  might  not  lofe  any  op¬ 
portunity  of  that  nature,  he  conneded  two  bells  with  this  appa¬ 
ratus,  which  gave  him  notice,  by  their  ringing,  whenever  his  rod 
was  eledrified  *. 

The  Dodor  being  able,  in  this  manner,  to  draw  the  light¬ 
ning  into  his  houfe,  and  make  experiments  with  it  at  his  leifure ; 
and  being  certain  that  it  was  in  all  refpeds  of  the  fame  nature 
with  eledricity,  he  was  defirous  to  know  if  it  was  of  the  pofitive 
or  negative  kind.  The  firb  time  he  fucceeded  in  making  an  ex- 
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periment  for  this  purpofe  was  the  12th  of  April  1753,  when 
it  appeared  that  the  lightning  was  negative.  Having  found  that 
the  clouds  electrified  negatively  in  eight  fucceflive  thunder  gufts, 
he  concluded  they  were  always  electrified  negatively,  and  form¬ 
ed  a  theory  to  account  for  it.  But  he  afterwards  found  he  had 
concluded  too  foon.  For*  on  the  fixth  of  June  following,  he  met 
with  one  cloud  which  was  electrified  pofitively;  upon  which  he 
corrected  his  former  theory,  but  did  not  feem  able  perfectly  to 
fatisfy  himfelf  with  any  other.  The  DoCtor  fometimes  found  the 
clouds  would  change  from  pofitive  to  negative  electricity  feveral 
times  in  the  courfe  of  one  thunder  guft,  and  he  once  obferved  the 
air  to  be  ftrongly  electrified  during  a  fall  of  fnow,  when  there  was 
no  thunder  at  all  *. 

But  the  grand  practical  ufe  which  Dr.  Franklin  made  of 
his  difcovery  of  the  famenefs  of  eleCtricity  and  lightning,  was 
to  fecure  buildings  from  being  damaged  by  lightning,  a  thing  of 
vaft:  confequence  in  all  parts  of  the  world,  but  more  efpecially  in 
feveral  parts  of  North  America,  where  thunder  florins  are  more  fre¬ 
quent,  and  their  effeCts,  in  that  dry  air,  more  dreadful,  than 
they  are  ever  known  to  be  with  us. 

This  great  end  Dr.  Franklin  accomplished  by  fo  eafy  a  me¬ 
thod,  and  by  fo  cheap,  and  feemingly  trifling  apparatus,  as 
fixing  a  pointed  metalline  rod  higher  than  any  part  of  the  build¬ 
ing,  and  communicating  with  the  ground,  or  rather  the  neareft 
water.  This  wire  the  lightning  was  fure  to  feize  upon,  pre¬ 
ferably  to  any  other  part  of  the  building ;  whereby  this  dangerous 
power  would  be  fafely  conducted  to  the  earth,  and  diflipated, 
without  doing  any  harm  to  the  building  f . 

Dr.  Franklin  was  of  opinion,  that  a  wire  of  a  quarter 
of  an  inch  in  thicknefs  would  be  fufficient  to  conduCt  a  greater 
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quantity  of  lightning  than  was  ever  actually  difcharged  from  the 
clouds  in  one  ftroke.  He  found,  that  the  gilding  of  a  book  was 
fufficient  to  condua  the  charge  of  five  large  jars,  and  thought 
that  it  would  probably  have  conduaed  the  charge  of  many  more. 
He  alfo  found  by  experiment,  that  if  a  wire  was  deftroyed  by 
an  explofion,  it  was  yet  fufficient  to  condua  that  particular  ftroke, 
though  it  was  thereby  rendered  incapable  of  conduaing  another  *. 

The  Doaor  alfo  fuppofed,  that  pointed  rods  ereaed  on  edi¬ 
fices  might  likewife  often  prevent  a  ftroke  of  lightning  in  the  fol¬ 
lowing  manner.  He  fays,  that  an  eye  fo  fituated  as  to  view  ho¬ 
rizontally  the  underfide  of  a  thunder  cloud,  will  fee  it  very  rag¬ 
ged,  with  a  number  of  feparate  fragments,  or  petty  clouds,  one 
under  another,  the  loweft  lometimes  not  far  from  the  earth. 
Thefe,  as  fo  many  ftepping  ftones,  affift  in  conduaing  a  ftroke 
between  a  cloud  and  a  building.  To  reprefent  thefe  by  an  ex¬ 
periment,  he  direas  us  to  take  two  or  three  locks  of  fine  loofe 
cotton  and  connea  one  of  them  with  the  prime  conduaor,  by  a 
fine  thread  of  two  inches  (which  may  be  fpun  out  of  the  fame  lock) 
another  to  that,  and  a  third  to  the  fecond,  by  like  thieads.  He 
then  bids  us  to  turn  the  globe,  and  fays  we  fhall  fee  thefe  locks 
extending  themfelves  towards  the  table  (as  the  lower  fmall  clouds 
do  towards  the  earth)  but,  that,  on  prefenting  a  fharp  point,  erect 
under  the  loweft,  it  will  ffirink  up  to  the  fecond,  the  fecond  to 
the  firft,  and  all  together  to  the  prime  conduaor,  where  they  will 
continue  as  long  as  the  point  continues  under  them.  A  moft 
ingenious  and  beautiful  experiment !  May  not,  he  adds,  in  like 
manner,  the  fmall  elearified  clouds,  whofe  equilibrium  with  the 
earth  is  foon  reftored  by  the  point,  rife  up  to  the  main  body,  and 
by  that  means  occafionfo  large  a  vacancy,  as  that  the  grand  cloud 
cannot  ftrike  in  that  placet* 
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Mr.  Wilcke,  in  his  remarks  on  Dr.  Franklin’s  letters,  fays, 
that  on  the  20th  of  Auguft  1758,  he  faw  this  fuppofition  verifi¬ 
ed  ;  as  he  was  viewing  a  large  fringed  cloud,  ftrongly  electrified, 
palTing  over  a  foreft  of  tall  hr  trees.  The  ragged  and  de¬ 
pending  parts  of  the  large  cloud  were  firft  attracted  lower,  and 
then  fuddenly  rofe  higher,  and  joined  the  large  cloud  *, 

He  was  alfo  an  eye  witnefs  of  two  clouds  lying  one  over  the" 
other,  approaching,  and  flafhing  into  one  another.  The  light¬ 
ning  fpread  itfelf  over  all  the  parts  of  the  blacker  cloud,  which 
was  negative,  and  which  immediately  began  to  dilfolve  in  rain  j. 

Dr.  Franklin  advifes  perfons  who  are  apprehenfive  of  danger 
from  lightning,  to  lit  in  the  middle  of  a  room  (provided  it  be 
not  under  a  metal  luftre  fufpended  by  a  chain)  fitting  on  one  chair, 
and  laying  their  feet  on  another.  It  is  hill  fafer,  he  fays,  to 
bring  two  or  three  mattreffes,  or  beds,  into  the  middle  of  the 
room,  and  folding  them  double,  to  place  the  chairs  upon  them, 
for  they  not  being  fo  good  conductors  as  the  walls,  the  light¬ 
ning  will  not  chufe  to  pafs  through  them  ;  but  the  fafeh  place  of 
all  is  in  a  hammock  hung  in  filken  cords,  at  an  equal  dihance 
from  all  the  fides  of  the  room,  p.  484.  I  would  add,  that  the  place 
of  moh  abfolute  fafety  muh  be  the  cellar,  and  efpecially  the 
middle  of  it;  for  when  a  perfon  is  lower  than  the  furface  of  the 
earth,  the  lightning  muff  ftrike  it  before  it  can  poffibly  reach 
him.  In  the  fields,  the  place  of  fafety  is,  within  a  few  yards  of 
a  tree,  but  not  quite  near  it. 
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SECTION  III. 

Miscellaneous  discoveries  of  Dr.  FRANKLIN,  and  his 
friends  in  America,  during  the  same  Period. 


DR.  FRANKLIN,  retaining  the  common  opinion,  that 
eledrified  bodies  have  real  atmofpheres  of  the  electric 
fluid  (confifting  of  particles  at  fome  diftance  from  the  furface 
of  the  body,  but  always  going  along  with  it)  obferved  that  thefe 
atmofpheres  and  the  air  did  not  feem  to  exclude  one  another; 
though,  he  fays,  this  be  difficult  to  conceive,  confidering  that 
they  are  generally  fuppofed  to  repel  one  another. 

An  eledric  atmofphere,  he  fays,  raifed  round  a  thick  wire, 
inferted  into  a  phial,  drives  out  none  of  the  air  it  contained  ;  nor 
on  withdrawing  that  atmofphere,  will  any  air  ruffi  in,  as  he  found 
by  a  very  curious  experiment,  accurately  made  ;  whence  he  alfo 
concluded,  that  the  elafticity  of  the  air  was  not  affeded  by  it*. 

The  experiment,  as  the  Dodor  informs  me,  was  made  with 
a  fin  all  glafs  fyphon,  one  leg  paffing  through  the  cork  into  the 
bottle.  The  other  leg  had  in  it  a  drop  of  red  ink,  which  readily 
moved  on  the  leaf!  change  of  heat  or  cold  in  the  air  contained 
in  the  phial ;  but  not  at  all  on  the  air’s  being  cledrified. 

He  alfo  made  an  experiment  which  would  feem  to  prove  the 
immobility,  as  we  may  fay,  of  thefe  atmofpheres  by  any  external 
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force,  if  they  have  any  exigence  at  all;  but  others  may  think 
it  is  rather  an  argument  again  ft  their  exiftence.  He  electrified 
a  large  cork  ball  fattened  to  the  end  of  a  filk  firing  three  feet 
long;  and,  taking  the  ether  end  in  his  hand,  he  whirled  it 
round,  like  a  fling,  a  hundred  times  in  the  open  air,  with  the 
fwifteft  motion  he  could  poflibly  give  it;  and  obferved,  that  it  ftill 
retained  its  eleCtric  atmofphere,  though  it  mull  have  palled  through 
eight  hundred  yards  of  air  *. 

To  ihow  that  a  body,  in  different  circumftances  of  dilatation 
and  contraction,  is  capable  of  receiving,  or  retaining  more  or  lefs 
of  the  eleCtric  fluid  on  its  furface,  he  made  the  following  curious 
experiment.  He  cleCtrified  a  fiver  cann,  in  which  there  were  about 
three  yards  of  brafs  chain,  one  end  of  which  he  could  raife  to 
what  height  he  pleafed,  by  means  of  a  pully  and  a  filken  cord. 
He  fufpended  a  lock  of  cotton  by  a  filken  firing  from  the  ceiling 
of  the  room,  making  it  hang  near  the  cup ;  and  obferved,  that 
every  time  lie  drew  up  the  chain,  the  cotton  approached  nearer 
to  the  cup,  and  as  conftantly  receded  from  it  when  the  chain  was 
let  down.  From  this  experiment  it  was  evident,  he  fays,  that 
the  atmofphere  about  the  cup  was  diminifhed  by  raifing  the  chain, 
and  increafed  by  lowering  it ;  and  that  the  atmofphere  of  the 
chain  muft  have  been  drawn  from  that  of  the  cup  when  it  was 
raifed,  and  have  returned  to  it  again  when  it  was  let  down'}'. 

To  make  eleCtric  atmofpheres  in  fome  meafure  vifible,  the 
DoCtor  ufed  to  drop  rofin  on  hot  iron  plates  held  under  bodies 
electrified;  and,  in  a  ftill  room,  the  fmoke  would  afeend,  and  form 
vifible  atmofpheres  round  the  bodies,  making  them  look  very  beau¬ 
tiful.  In  trying  in  what  circumftances,  the  repellency  between 
an  electrified  iron  ball,  and  a  fmall  cork  ball  would  be  altered,  he 
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obferved,  that  the  fmoke  of  rofm  did  not  deftroy  their  repellency, 
but  was  attracted  both  by  the  iron  and  the  cork  *. 

Tiie  Dodor  obferved,  that  filver  expofed  to  the  e’edric  fpark 
would  acquire  a  blue  (lain,  and  that  iron  would  feem  corroded  by 
it;  but  he  could  never  perceive  any  impreffion  made  on  gold, 
brafs,  or  tin.  The  fpots  on  the  filver  or  iron  were  always  the 
fame,  whether  they  received  the  fpark  from  lead,  brafs,  gold,  or 
filver ;  and  the  fmell  of  the  eledric  fire  was  the  fame,  through 
whatever  bodies  it  was  conveyed  f. 

While  we  are  attending  to  what  was  done  by  Dr.  Franklin  at 
Philadelphia,  we  muft  by  no  means  overlook  what  was  done 
by  Mr.  Kinnerfley,  the  Dodor’s  friend,  while  at  Bofton  in  New 
England.  Some  of  his  obfervations,  of  which  an  account  is 
given  in  the  Dodor’s  letters,  are  very  curious ;  and  fome  later 
accounts,  which  he  himfelf  has  tranfmitted  to  England,  feem 
to  promife,  that,  if  he  continue  his  eledrical  inquiries,  his  name, 
after  that  of  his  friend,  will  be  fecond  to  few  in  the  hiftory  of 
eledricity. 

He  firft  diflinguifhed  himfelf  by  re-difcovering  Mr.  Du  Fay’s 
two  contrary  eledricities  of  glafs  and  lulphur,  with  which  both  he 
and  Dr.  Franklin  were  at  that  time  wholly  unacquainted.  But 
Mr.  Kinnerfley  had  a  great  advantage  over  Mr.  Du  Fay;  for  mak¬ 
ing  his  experiments  in  a  more  advanced  hate  of  the  lcience,  he 
faw  immediately,  that  the  two  contrary  eledricities  of  glafs  and 
fulphur  were  the  very  fame  pofitive  and  negative  eledricities, 
which  had  juft  been  difcovered  by  Dr.  Watfon  and  Dr.  Franklin. 

He  obferved,  that  a  cork  ball,  eledrified  by  a  condudor  from 
excited  glafs,  would  be  attraded  by  excited  amber  and  fulphur, 
and  repelled  by  excited  glafs  and  china  ;  that  eledrifying  the  ball 
with  the  wire  of  a  charged  phial,  it  would  be  repelled  by  excited 
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glafs,  but  attrafled  by  excited  fulphur ;  and  that  when  he  elec¬ 
trified  it  by  fulphur  or  amber,  till  it  became  repelled  by  them, 
it  would  be  attra&ed  by  the  wire  of  the  phial,  and  repelled  by 
its  coating.  Thefe  experiments  furprifed  him  very  much,  but 
by  analogy  he  was  led  to  infer,  a  priori ,  the  following  paradoxes, 
as  lie  calls  them,  which  were  afterwards  verified  by  Dr.  Franklin 
at  his  requett  *. 

“  i.  If  a  glafs  globe  be  placed  at  one  end  of  a  prime  con- 
“  duttor,  and  a  fulphur  one  at  the  other,  both  being  equally 
“  in  good  order,  and  in  equal  motion,  not  a  fpark  of  fire  can 
“  be  obtained  from  the  conductor,  but  one  globe  will  draw  out 
“  as  fall  as  the  other  gives  in. 

“  2.  If  a  phial  be  fufpended  on  the  condmfior  with  a- chain 
il  from  its  coating  to  the  table,  and  only  one  of  the  globes  be 
“  made  ufe  of  at  a  time,  twenty  turns  of  the  wheel,  for  inftance, 
“  will  charge  it ;  after  which,  as  many  turns  of  the  other  wheel 
“  will  difeharge  it ;  and  as  many  more  will  charge  it  again. 

“  3.  The  globes  being  both  in  motion,  each  having  a  fe- 
“  parate  conductor,  with  a  phial  fufpended  on  one  of  them, 
“  and  the  chain  fattened  to  the  other  ;  the  phial  will  become 
“  charged,  one  globe  charging  pofitively,  and  the  other  nega- 
“  tively. 

“  4*  The  phial  being  thus  charged,  hang  it  in  like  manner, 
u  °n  the  other  conductor.  Set  both  wheels  a-going  again, 
14  and  the  fame  number  of  turns  that  charged  it  before  will 

44  now  difeharge  it,  and  the  fame  number  repeated  will  charge 
“  it  again. 

44  5*  When  each  globe  communicates  with  the  fame  prime 

condudor,  having  a  chain  hanging  from  it  to  the  table,  one 

of  them,  when  in  motion  (but  which  I  cannot  fay)  will  draw 
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“  fire  up  through  the  cufhion,  and  difcharge  it,  through  the 
“  chain  ;  and  the  other  will  draw  it  up  through  the  chain,  and 
“  difcharge  it  through  the  cufhion*.” 

When  Mr.  Kinnerfley  was  advifing  his  friend  to  try  the  ex¬ 
periments  with  the  fulphur  globe,  he  cautions  him  not  to  make 
ufe  of  chalk  on  the  cufhion,  telling  him  that  fome  fine  powdered 
fulphur  would  do  better.  And  he  expreffes  his  hope  that  if  the 
Do&or  fhould  find  the  two  globes  to  charge  the  prime  conductor 
differently,  he  would  be  able  to  difcover  fome  method  of  determin¬ 
ing  which  it  was  that  charged  pofitively. 

Dr.  Franklin,  when  thefe  experiments  and  conjectures  were 
propofed  to  him,  had  no  idea  of  their  having  any  real  foundation; 
.but  imagined,  that  the  different  attractions  and  repulfions  ob- 
ferved  by  Mr.  Kinnerfley  proceeded  rather  from  the  greater 
or  fmaller  quantities  of  the  eleClric  fire,  obtained  from  different 
bodies,  than  from  its  being  cither  of  a  different  kind,  or  having 
a  different  direction.  But  finding,  upon  trial,  that  the  principal 
of  Mr.  Kinnerfley’s  fuppofitions  were  verified  by  faff,  he  had  no 
doubt  of  the  reft  *j\ 

In  anfwer  to  the  doubt  of  Mr.  Kinnerfley,  whether  the  glafs, 
or  the  fulphur  elpCtrified  pofitively,  the  DoCtor  gave  it  as  his 
opinion,  that  the  glafs  globe  charged  pofitively,  and  the  fulphur 
negatively,  for  the  following  reafons. 

i.  Because,  though  the  fulphur  globe  feemed  to  work 
equally  well  with  the  glafs  one,  yet  it  could  never  occafion  fo 
large,  and  fo  diftant  a  fpark  between  his  finger  and  conductor  as 
when  the  glafs  globe  was  ufed.  But  what  he  adds  to  confirm 
this  proof  does  not  feem  to  be  fatisfaCtory.  He  fuppoles  that 
bodies  of  a  certain  bignefs  cannot  fo  eafily  part  with  the  quan¬ 
tity  of  eleCtric  fluid  which  they  have,  and  hold  attracted  with- 


*  Franklin’s  Letters,  p.  100. 
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in  their  fubftance,  as  they  can  receive  an  additional  quantity 
upon  their  lurface,  by  way  of  atmofpliere  ;  and  that  therefore  fo 
much  could  not  be  drawn  out  of  the  condutflor,  as  might  be 
thrown  on  it  *. 

2.  He  obferved  that  the  fiream  or  brufh  of  fire,  appearing  at 
the  end  of  the  wire  connected  with  the  conductor,  was  long, 
large,  and  much  diverging  when  the  glafs  globe  was  ufed,  and 
made  a  flapping  or  rattling  noife ;  but  that  when  the  fulphur 
globe  was  ufed,  it  was  fhort,  (mail,  and  made  a  hiding  noife. 
I-Ie  alfo  obferved,  that  juft  the  reverfe  of  both  thefe  cafes  hap¬ 
pened  when  he  held  the  fame  wire  in  his  hand,  and  the  globes 
were  worked  alternately.  The  brufh  was  large,  long,  diverging, 
and  flapping  or  rattling,  when  the  fulphur  globe  was  turn¬ 
ed;  but  fhort,  fnall,  and  hilling,  when  the  glafs  globe  was  turn¬ 
ed.  When  the  brufh  was  long,  large,  and  much  diverging,  it 
feemed  to  the  Dodor,  that  the  body  to  which  it  joined  was  throw¬ 
ing  the  fire  out,  and  when  the  contrary  appeared,  it  feemed 
to  be  drinking  in  f . 

3.  He  obferved,  that  when  he  held  his  knuckle  before  the 
fulphur  globe,  while  it  was  turning,  the  ftream  of  fire  between 
his  knuckle  and  the  globe  feemed  to  fpread  on  its  furface,  as  if  it 
flowed  from  the  finger,  but  before  the  glafs  globe  it  was  other- 
wife. 

4.  He  obferved  that  the  cool  wind  (or  what  was  called  fo) 
which  is  felt  as  coming  from  an  elednfied  point,  was  much  more 
lenfible  when  the  glafs  globe,  than  when  the  fulphur  one  was 
uled.  But  thele,  though  the  belt  arguments  which  the  fenfes 
can  furnifh,  of  the  courfe  of  the  eledric  fluid,  the  Dodor  ac¬ 
knowledges  were  but  hafty  thoughts.  Indeed,  confidering  that  the 
velocity  of  the  eledric  fluid  has  been  found,  by  experiment,  to 

*  Franklin’s  Letters,  p.  104.  p  ibid. 
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be  nearly  inftantaneous,  in  a  circuit  of  many  miles,  it  can¬ 
not  be  fuppofed  that  the  eye  fhould  be  able  to  diftinguifh  which 
way  it  goes  in  the  fpace  of  one  or  two  inches  *. 

I  shall  conclude  this  article  with  obferving  that  the  experi¬ 
ments,  which  the  Do&or  made  with  globes  of  glafs  and  ful- 
phur,  are  much  more  eafily  exhibited  by  the  conductor  and  in¬ 
flated  rubber  of  either  of  them,  all  the  effedls  being  the  reverfe 
of  each  other. 

I  must  now,  for  the  prefent,  take  leave  of  this  ingenious 
writer  and  his  friends,  after  having  brought  the  hiftory  of  their 
labours  to  the  year  1754,  and  mull  return  to  fee  what  was  doing 
on  the  continent  of  Europe  for  two  or  three  years  preceding  this 
date,  while  we  left  it  to  go  over  to  America. 

•  *  Franklin’s  Letters,  p,  105. 
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The  history  of  electricity,  from  the  time  that  Dr, 
Franklin  made  his  experiments  in  America,  till 

THE  YEAR  1766. 


E  are  now  entering  upon  the  laft  period  into  which  the 


VV  hiftory  of  eledricity  divides  itfelf,  in  which  the  great 
variety  of  matter  prefented  to  our  view  muft  oblige  an  hiftorian 
to  have  recourfe  to  the  ftrideft  method ;  for,  otherwife,  the 
narration  would  be  extremely  perplexed  and  difgufting.  As 
this  period  contains  the  events  of  a  larger  fpace  of  time  than 
moft  of  the  others,  yet  without  any  convenient  refling  place ; 
as  the  bufinefs  of  eledricity  has  been  confiderably  multiplied  in 
it,  and  a  greater  number  of  labourers  have  been  employed  in 
gathering  in  the  harvefl  of  difcoveries,  the  feeds  of  which  were 
fown  by  Dr.  Watfon,  Dr.  Franklin,  and  others,  in  the  preceding 
periods ;  I  am  obliged  to  fubdivide  this  into  more  diftind  parts, 
but  I  hope  they  will  not  be  found  to  be  more  than  were  neceflary, 
in  order  to  prevent  confufion. 

However,  this  circumflance,  of  the  great  quantity  and  va¬ 
riety  -of  materials  furnifhed  in  this  period,  in  proportion  as  it 
tends  to  embarrafs  an  hiftorian,  and  exercife  his  talent  for 
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proper  diftribution  and  arrangement,  is  a  ftriking  demonftra- 
tion  of  a  truth,  which  muft  give  the  greatefh  pleafure  to  all  the 
lovers  of  electricity  and  Natural  Philofophy.  If  the  progrefs  con¬ 
tinue  the  fame  in  another  period,  of  equal  length,  if  the  harvefl 
of  difcoveries  continue  to  be  more  plentiful,  and  the  labourers 
proportionably  more  numerous ;  what  a  glorious  fcene  fhall  we  fee 
unfolded,  what  a  fund  of  entertainment  is  there  in  ftore  for  us, 
and  what  important  benefits  may  be  derived  to  mankind ! 
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SECTION  I. 


'  Improvements  in  the  electrical  apparatus,  with  ex¬ 
periments  AND  OBSERVATIONS  RELATING  TO  IT. 


S  our  eledrical  apparatus  has  been  much  improved 


JT\.  within  this  period,  I  fhall  firft  recite  what  has  occurred  to 
me  upon  this  fubjed;  particularly  the  methods  which  have,  from 
time  to  time,  been  communicated  of  increafing  the  power  of  elec¬ 
tricity,  by  different  circumftances  of  excitation. 

So  early  as  the  year  1751,  upon  occafion  of  trying  Mn 
"YVinckler’s  experiments,  notice  is  taken  of  Mr.  Canton’s  method 
of  rubbing  tubes  with  filk  prepared  with  linfeed  oil.  Thefe 
he  had  found,  by  the  experience  of  fome  confiderable  time, 
to  produce  the  greatefl:  effect  upon  tubes,  but  he  had  not  found  that 
they  were  proportionably  ufeful  in  rubbing  globes  *. 

Upon  another  occafion,  Mr.  Canton  obferves,  that  by  means 
of  this  rubber,  a  folid  cylinder  of  glafs,  which  had  been  fet  be¬ 
fore  the  fire  till  it  was  quite  dry,  might  be  excited  as  eafily  as  a 
glafs  tube,  fo  as  to  ad;  like  one  in  every  refped ;  that  even  the 
firft  ftroke  would  make  it  flrongly  eledrical  -f*. 

But  the  greateft  improvement  which  Mr.  Canton  difcovered 
for  increafing  the  power  of  eledricity,  was  by  rubbing  on  the 

*  Phil,  Tranf.  Vol.  xlvii.  p.  239.  f  Ibid.  Vol,  slviii.pt.  ii.  p.  784. 
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cufhion  of  the  globe,  or  on  the  oiled  filk  rubber  of  the  tube,  a 
fmall  quantity  of  an  amalgam  of  mercury  and  tin,  with  a  very 
little  chalk  or  whiting.  By  this  means,  a  globe  or  tube  may 
be  excited  to  a  very  great  degree  with  very  little  fridion, 
efpecially  if  the  rubber  be  made  more  damp  or  dry  as  occafion 
may  require  *. 

Ms.  Wilcke  fays,  that  a  glafs  tube  excited  with  a  woollen 
cloth,  on  which  fome  white  wax  or  oil  has  been  put,  will  throw 
out  flames  with  a  great  noife  in  the  dark-f*-  Thefe  flames,  he 
fays,  he  never  knew  to  be  thrown  from  a  globe,  except  fometimes 
when  they  were  firfl:  ufed  J. 

Our  eledrical  apparatus  has  been  much  augmented  within 
this  period  by  the  difcovery  of  Father  Windelinus  Ammerfin  of 
Switzerland,  who,  in  a  Latin  treatife,  publiflied  at  Lucern,  in 
the  year  1754?  has  (hewn  us,  that  wood  properly  dried,  till  it 
becomes  very  brown,  is  a  non-condudor  of  eledricity.  He  re¬ 
commends  boiling  the  wood  in  linfeed  oil,  or  covering  it  over 
with  varnifh,  after  being  dried,  to  prevent  any  return  of  moif- 
ture  into  its  pores ;  and  adds,  that  wood,  fo  treated,  feems  to 
afford  flronger  appearances  of  eledricity  than  even  glafs.  He 
himfelf  made  ufe  of  common  wooden  meafures,  fuch  as  are 
ufually  found  in  granaries,  firfl;  boiled  in  oil,  and  afterwards 
mounted,  fo  as  to  be  turned  by  a  wheel  §. 

It  appears  from  the  Philofophical  Tranfadions,  fays  Mr. 
Wilfon,  fo  early  as  the  year  1747,  that  Dr.  Watfon  having  oc¬ 
cafion  to  fup port  a  long  wire,  in  an  experiment  made  near 
Shooter’s  Hill,  with  a  view  to  determine  the  velocity  of  the  eledric 
fluid,  ufed  flakes  of  dry  wood,  which  he  told  him,  were  baked, 
to  prevent  the  eledric  fluid  from  efcaping  into  the  ground  ||. 

*  Phil.  Tranf.  Vol.  lii.  pt.  ii.  p.  461.  t  Wilcke,  p.  124.  t  Ibid.  p.  126. 

§  Phil.  Tranf.  Vol.  lii.  pt.  i.  p.  342.  |{  Ibid.  Vol.  li.  pt.  ii.  p«  ?9^* 
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A  more  extraordinary  method  g£  procuring  electricity  than 
by  baked  wood,  was  one  that  Signior  Beccaria  made  ufe  of.  He 
put  a  dry  and  warm  cat’s  lkin  upon  his  glafs  globe,  and  rubbing 
it  with  his  hand,  excited  a  very  powerful  ele&rity  *. 

These  wooden  cylinders  eledrify  pofitively  or  negatively  as 
the  rubber  is  lilk  or  flannel,  but  much  more  powerfully  when 
negative  than  when  pofitive,  owing  to  the  roughnefs  which 
there  generally  is  upon  their  furfaces,  and  therefore  make  an 
agreeable  variety  in  an  ele&rical  apparatus.  But  the  oldeft  and 
mofl  ufual  method  of  procuring  negative  electricity  was  by  globes 
of  fulphur.  Thefe  Mr.  Le  Roi  made  by  putting  a  coating  of 
fulphur  upon  a  globe  of  glafs,  and  then  fmoothing  it  with  an  hot 
iron  ;  but  Mr.  Nollet  preferred  melting  the  fulphur  in  the  infide 
of  the  glafs  globe,  and  then  breaking  the  glafs  from  off  it,  becaufe 
this  method  made  a  much  finer  polilh  ')'. 

One  globe  he  made  of  a  mixture  of  fulphur  and  pounded 
glafs,  but  he  found  that  it  had  the  fame  effeCt  as  if  it  had  been 
all  of  fulphur.  He  fays  that,  when  one  part  of  this  globe  was  ex¬ 
cited,  the  whole  furface  became  eledrical  J. 

But  fince  Mr.  Canton’s  difcovery  of  the  negative  power  of 
rough  glafs,  fome  philofophers  have  made  ufe  of  glafs  globes 
made  rough  by  emery;  and  the  ufual  method  of  taking  off 
their  polifh  was  by  rubbing  them  as  they  turned  upon  their 
axis  ;  but  Mr.  Speedier,  a  mathematical  inftrument  maker  at  Co¬ 
penhagen,  obferves,  in  his  letters  upon  the  fubjedt  of  elec¬ 
tricity,  that  glafs  globes,  made  rough  by  drawing  the  ftone, 
or  emery,  from  pole  to  pole,  have  a  much  greater  virtue ;  this 
method  of  taking  off  the  polifli  giving  them  a  greater  roughnefs 
with  refpeCt  to  the  rubber  §, 

*  Lettere  dell’  ElettHcifmo,  p.  58.  f  Nollet’s  Letters,  Vol.  ii.  p.  121. 

t  Ibid.  p.  1 25,  127.  §  Wilcke,  p  S7. 
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But  a  better,  and  a  readier  method  than  all  thefe  of  produc¬ 
ing  negative  eledricity,  is  by  infulating  the  rubber  of  a  fmooth 
globe,  and  conneding  it  with  an  infulated  prime  condudor,  while 
the  common  condudor  hath  a  communication  with  the  ground. 
The  rubber,  if  well  infulated,  is  fure  to  produce  a  negative  elec¬ 
tricity,  equal  in  power  to  the  pofitive  of  the  fame  globe.  Mr. 
Dalibard  direds  a  great  number  of  precautions,  in  order  to  elec¬ 
trify  well  at  the  rubber,  and  to  prevent  it  from  receiving  any 
eledric  fire  in  its  ftate  of  infulation  *. 

Mr.  Bergman  of  Upfal,  fays,  that  very  often,  when  his 
glafs  globes  could  not  be  excited  to  a  fufficient  degree  of  ftrength, 
he  lined  them  with  a  thin  coating  of  fulphur,  and  that  then  they 
gave  a  much  fironger  pofitive  eledricity  than  before  J. 

In  Italy,  and  other  places,  Mr.  Nollet  informs  us,  it  is  the 
cuftoin  of  eledricians  to  put  a  coating  of  pitch,  or  other  refinous 
matter  on  the  infide  of  their  globes,  which',  they  pretend,  makes 
them  always  work  well  %. 

We  are  obliged  to  the  Abbe  Nollet  for  fomd  obfervations 
on  the  eledrical  powers  of  different  kinds  of  glafs,  in  the  fixth 
vplume  of  his  Lemons  dc  phyjique  printed  in  the  year  1764* 

It  is  not  every  fort  of  glafs,  fays  he,  that  is  equally  eledriz- 
able.  There  are  fome  forts  which  are  not  fo  at  all,  or  hardly  at 
all ;  fuch,  for  example,  is  that  of  which  they  make  plates  of  glafs 
at  St.  Gobin  in  Picardy.  I  have  tried  it,  fays  he,  an  hundred 
times,  in  the  form  of  plates,  tubes,  and  globes,  and  in  all  kinds 
of  weather,  but  have  fcarce  been  ever  able  to  draw  from  it  the 
leaft  fenfible  iign  of  eledlricity. 

The  glafs  of  which  panes  for  windows  are  made,  and  which 
is  alfo  ufed  for  drinking-glaffes,  when  it  is  newly  manufadured, 

*  Dalibard’s  Franklin,  p.  no.  f  Phil.  Tranf.  Vol.  lii.  pt.  ii.  p-  4^5- 

|  Lettres,  Vol.  ii.  p.  122. 
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is  excited  with  great  difficulty.  I  have  often,  fays  he,  repeated¬ 
ly  rubbed  tubes,  and  other  pieces,  even  in  the  glafs-houfe  where 
they  were  made,  but  without  fuccefs  ;  and  it  has  not  been  till'  after 
fome  months,  and  fometimes  years,  that  I  could  bring  them, 
to  aCt. 

It  is  certain,  and  he  fays  he  has  conffantly  obferved,  that  glafs 
becomes  more  fit  for  electrical  experiments  by  force  of  rub¬ 
bing  and  that  fometimes  it  has  required  fome  months  to  bring 
globes  and  tubes  to  aCt  well. 

He  did  not  think  that  thefe  fadts  could  be  accounted  for  either 
by  the  different  degrees  of  tranfparency,  or  the  different  colours 
of  glafs.  This,  indeed,  was  evident  from  fome  globes  acquiring 
electricity  from  ufe  which  had  it  not  originally.  The  glafs  of 
which  bottles  are  made  at  Severs  ferved  him  very  well,  whereas 
globes  of  white  glafs  did  not  become  tolerable  till  after  having 
been  ufed  a  certain  time. 

He  could  not  tell  pofitively  why  certain  kinds  of  glafs  were 
eleCtrizable  or  not  by  rubbing,  but  he  fufpeCted,  that  it  was 
principally  owing  to  the  degree  of  its  hardnefs  and  vitrifica¬ 
tion.  He  was  induced  to  think  fo,  becaufe  he  found  that  the  glafs 
at  the  French  manufactory  at  St.  Gobin,  and  at  Cherbourg  (the 
hardeft,  the  molt  compaCt,  and  the  bell  vitrified'  of  all  the  kinds 
of  glafs  in  France)  was  the  moft  difficult  to  be  electrized ;  wffiere- 
as  the  cryftal  glafs  of  England,  that  of  Bohemia,  &c.  which 
are  much  fofter,  were  the  heft  of  all  for  experiments  in  electri¬ 
city.  He  fays,  moreover,  that  he  had  procured  imperfeCt 
glaffes,  which  had  not  been  long  enough  in  the  furnace  to  be 
clear;  and  that,  though  they  were  of  the  fame  compofition  as 
plates  of  glafs,  which,  he  obferved  before,  were  not  eafily  elec¬ 
trized,  yet  that  thefe  were  excited  very  fenfibly. 

He  lays  that  a  globe  of  ten  or  twelve  inches  diameter, 
and  which  makes  about  four  revolutions  in  a  fecond  of  time,  will 
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receive  a  convenient  rubbing ;  but  that  we  muft  not  exped  that 
if  the  globe  be  one  half,  or  one  fourth  part  greater  or  lefs,  the 
effeds  will  be  increafed  or  diminifhed  in  proportion  *. 

Upon  the  fubjed  of  infulating  bodies,  he  obferves,  that  when 
the  cakes  of  fulphur,  refm,  fealing-wax,  and  bees-wax  are  made 
ufe  of  for  this  purpofe,  they  ought  to  be  well  cooled  before  they 
are  ufed  :  for,  he  fays,  he  has  conftantly  obferved,  that  when  they 
are  newly  made,  they  are  not  fo  proper  to  infulate  bodies,  as  they 
generally  are  at  the  end  of  fome  months  f . 

It  will  be  proper,  under  this  head,  to  acquaint  young  elec¬ 
tricians,  that  globes  have  been  feveral  times  known  to  burfl  dur¬ 
ing  the  ad  of  excitation,  and  that  the  fragments  have  been  thrown 
with  great  violence  in  every  diredion,  fo  as  to  be  very  danger¬ 
ous  for  the  by-flanders.  This  accident  happened  to  Mr.  Sabatelli 
in  Italy,  Mr.  Nollet  in  France,  Mr.  Beraud  at  Lyons,  Mr.  Boze 
at  Wittemburgh,  Mr.  Le  Cat  at  Rouen,  and  Mr.  Robein  at 
Rennes. 

The  air  in  the  infideof  Mr.  Sabatelli’s  globe  ha^d  no  communi¬ 
cation  with  the  externul  air,  but  that  of  the  Abbe  Nollet  had. 
This  lafl,  which  was  of  Englifh  flint,  which  had  been  ufed  two 
years,  and  which  wras  more  than  a  line  thick,  burfl  like  a  bomb 
in  the  hands  of  a  fervant  who  was  rubbing  it;  and  the  fragments 
(the  larged:  of  which  were  not  more  than  an  inch  in  diameter) 
were  difperfed  on  all  hides,  to  a  confiderable  diftance.  The  Abbe 
fays,  that  all  the  globes  which  were  burfl  in  that  manner  ex¬ 
ploded  after  five  or  fix  turns  of  the  wheel ;  and  he  afcriocs  this 
effed  to  the  ad  ion  of  the  eledric  matter,  making  the  particles  of 
the  glafs  vibrate  in  a  manner  he  could  not  conceive  £ . 

When  Mr.  Beraud’s  globe  burfl  (and  he  was  the  firfl  to  whom 

this  accident  was  ever  known  to  happen)  he  was  making  fome 
» 


*  Lemons  de  Phyfique,  Vol.  vi.  p.  273 — 276. 
%  Ncllet’s  Letters,  Vol.  i.  p  19. 


f  Ibid.  p.  259. 
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experiments  in  tlie  dark,  on  the  8th  of  February  1750;  when  a 
noife  was  fifft  heard,  as  of  fomething  rending  to  pieces ;  then 
followed  the  expl'cfion,  and  when  the  lights  were  brought  in, 
it  was  obferved,  that  thofe  places  of  the  floor  which  were  oppofite 
to  the  equatorial  diameter  of  the  globe  were  ftrewed  with  fmalle'r 
pieces,  and  in  greater  numbers  than  thofe  which  were  oppofiteto 
other  parts  of  it.  This  globe  had  been  cracked,  but  it  had  been 
in  conftant  ufe  in  that  hate  above  a  year,  and  the  crack  had  ex¬ 
tended  itfelf  from  the  pole  to  the  equator.  The  proprietor 
afcribed  the  accident  to  the  vibration  of  the  particles  of  the  glafs,. 
and  thought  that  the  crack  had  fome  way  impeded  thofe  vibra¬ 
tions  #. 

When  Mr.  Boze’s  globe  broke,  he  fays  that  the  whole  of  it 
appeared  in  the  ad  of  breaking,  like  a  flaming  coal;  a  circum- 
ftance  which  we  (hall  fee  accounted  for  hereafter  by  Mr.  Wilcke  f . 

Mr.  Boulanger  fays,  that  glafs  globes  have  fometimes  burft 
like  bombs,  and  have  wounded  many  perfons,  and  that  their  frag¬ 
ments  have  even  penetrated  feveral  inches  into  a  wall  J.  He  alfo 
fays,  that  if  globes  burft  in  whirling  by  the  gun-barrel’s  touch¬ 
ing  them,  they  burft  with  the  fame  violence,  the  fplinters  often 
entering  into  the  wall  §. 

The  Abbe  Nollet  had  a  globe  of  fulphur  which  alfo  burft,  as 
he  was  rubbing  it  with  his  naked  hands,  after  two  or  three  turns 
of  the  wheel,  having  firft  cracked  inwardly.  It  broke  into  very 
fmall  pieces,  which  flew  to  a  great  diftance;  and  into  a  fine  duft, 
of  which  part  flew  againft  his  naked  breaft;  where  it  entered 

the  fkin  fo  deep,  that  it  could  not  be  got  off  without  the  edge  of 
a  knife  (|. 

*  H,ftoire’  p*  S7*  t  Wilcke,  p.  124.  1  Boulanger,  p.  2 3* 

*  ibld*  P-  *44-  11  Nollet’s  Letters,  Vol.  ii.  p.  220. 
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SECTION  IL 


Observations  on  the  conducting  Power  of  various  sub¬ 
stances,  AND  PARTICULARLY  M  G  CANTON’S  EXPERI¬ 
MENTS  ON  AIR;  AND  SlGNIOR  BECCARIA’s  ON  AIR,  AND 
WATER. 


ON E  of  the  principal  dejiderata  in  the  fcience  of  electri¬ 
city,  is  to  afcertain  wherein  conlifls  the  diftin&ion  be¬ 
tween  thofe  bodies  which  are  conductors,  and  thofe  which  are 
non- conductors  of  the  eleClric  fluid.  All  that  has  been  done  re¬ 
lating  to  this  queftion,  till  the  prefent  time,  amounts  to  nothing 
more  than  obfervations,  how  near  thefe  two  clafles  of  bodies 
approach  one  another ;  and  before  the  period  of  which  I  am 
now  treating,  thefe  obfervations  were  few,  general,  and  fuper- 
ficial.  But  I  fhall  now  prefent  my  reader  with  feveral  very  curi¬ 
ous  and  accurate  experiments,  which,  though  they  do  not  give 
us  intire  fatisfadion  with  refpeCt  to  the  great  dejideratum  above 
mentioned,  yet  throw  fome  light  upon  the  fubjeCL  They  fliow 
that  fubftances  which  had  been  confidered  as  perfeCt  conductors, 
or  non-conduCtors,  are  fo  only  to  a  certain  degree ;  and  that, 
probably,  all  the  known  parts  of  nature  have,  in  fome  meafure, 
the  properties  of  both. 

These  experiments  were  made  by  two  perfons,  whom,  in 
the  flyle  of  hiftory,  I  may  juftly  call  two  of  the  greateft  heroes 
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of  this  part  of  my  work,  viz.  Mr.  Canton,  whofe  difcove- 
ries  in  electricity  are  far  more  numerous,  and  more  confiderable 
than  thofe  of  any  other  perfon,  within  this  period,  in  England ; 
and  Signior  Be cc aria,  one  of  the  moft  eminent  of  all  the 
electricians  abroad. 

That  air  was  capable  of  receiving  electricity  by  communi¬ 
cation,  and  of  retaining  it  when  received,  had  not  been  difco- 
vered  by  any  perfon  before  Mr.  Canton;  but,  by  the  help  of 
one  of  his  exquifite  contrivances,  he  was  able  to  afcertain  that  de¬ 
licate  circumfhmce,  and  even  meafure  the  degree  of  it,  if  it  was  in 
the  leaft  confiderable. 

He  got  a  pair  of  balls,  turned  in  a  lathe,  out  of  the  dry  pith 
of  elder.  Thefe  he  put  into  a  narrow  box,  with  a  Aiding 
cover,  fo  difpofed  that  the  threads  (which  were  of  the  fineft  linen) 
were  kept  ftraight  in  the  box.  Holding  this  box  by  the  ex¬ 
tremity  of  the  cover,  the  balls  would  hang  freely  from  a  pin  in 
the  infide.  Thefe  balls  hung  at  a  fufficient  diftance  from  build¬ 
ings,  trees,  &c.  eafily  fhow  the  electricity  of  the  atmofphere. 
They  alfo  determine  whether  the  electricity  of  the  clouds  and  the 
air  be  pofitive,  by  the  decreafe;  or  negative,  by  the  increafe  of 
their  repulfion,  at  the  approach  of  excited  amber  or  fealing-wax. 

By  the  help  of  this  inftrument,  he  obferved,  that  it  was 
pofiible  to  eleCtrify  the  air  of  a  room  near  the  apparatus;  and 
even  the  air  of  the  whole  room  in  which  it  was,  to  a  confiderable 
degree,  and  he  was  able  to  do  it  both  pofitively  and  negatively. 

In  a  paper  read  at  the  Royal  Society,  December  the  6th,  1753* 
he  obferves,  that  the  common  air  of  a  room  might  be  electrified 
to  a  confiderable  degree,  fo  as  not  to  part  with  its  electricity  for 
fome  time.  Having  rendered  the  air  of  his  room  very  dry,  by 
means  of  a  f  re,  he  electrified  a  tin  tube  (with  a  pair  of  balls  fuf- 
pended  at  one  of  its  extremities)  to  a  great  degree ;  when  it  ap¬ 
peared,  that  the  neighbouring  air  was  likcwife  electrified.  For, 

having 
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having  touched  the  tube  with  his  finger,  or  any  other  condudor, 
the  balls,  notwithftanding,  continued  to  repel  one  another, 
though  not  at  fo  great  a  diftance  as  before  *.  But  he  obferves  that 
their  repulfion  would  decreafe  as  they  were  moved  towards  the 
floor,  wrainfcot,  or  any  of  the  furniture ;  and  that  they  would 
touch  each  other  when  brought  within  a  fmall  diftance  of  any  con¬ 
ductor.  Some  degree  of  this  eledric  power,,  he  has  known  to 
continue  in  the  air  above  an  hour  after  the  rubbing  of  the  tube* 
when  the  weather  had  been  very  dry. 

To  eledrify  the  air,  or  the  moifture  Contained  in  it,  negative¬ 
ly,  Mr.  Canton  fupported,  by  filk  flretched  between  two  chairs 
(placed  back  to  back,  at  the  diftance  of  about  three  feet),  a  tin  tube 
with  a  fine  fewing  needle  at  one  end  of  it ;  and  rubbed  fulphur, 
fealing-wax,  or  a  rough  glafs  tube  as  near  as  he  could  to  the 
other  end,  for  three  or  four  minutes ;  after  which  he  found  the 
air  to  1  e  negatively  eledrical,  and  that  it  would  continue  fo  a  con- 
fiderable  time  after  the  apparatus  was  removed  into  another 
room  j\ 

In  a  paper  dated  November  the  nth,  1754,  he  fays,  that  dry 
air,  at  a  great  diftance  from  the  earth,  if  in  an  eledric  ftate, 
wrill  continue  fo  till  it  meets  with  fome  condudor,  is  probable 
from  the  following  experiment.  An  excited  glafs  tube,  with  its 
natural  polifh,  being  placed  upright  in  the  middle  of  a  room 
(by  putting  one  end  of  it  into  an  hole,  made  for  that  purpofe,  in 
a  block  of  wood)  would,  generally,  lofe  its  eledricity  in  lefs 
than  five  minutes,  by  attrading  to  it  a  fufficient  quantity  of  moif¬ 
ture,  to  condud  the  eledric  fluid  from  all  parts  of  its  furface  to 
the  floor ;  but  if,  immediately  after  it  was  excited,  it  was  placed, 
in  the  fame  manner,  before  a  good  fire,  at  the  diftance  of  about 
•  two  feet,  where  no  moifture  would  adhere  to  its  furface,  it 

*  Phil.  Tranf.  Vol.  xlix.  pt.  i.  p.  300.  f  Ibid.  Vol.  xlviii,  pt.  ii.  p.  784. 
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would  continue  eleCtrical  a  whole  day,  and  how  much  longer  he 
knew  not  A 

Since  the  publication  of  the  firft  edition  of  this  work,  Mr. 
Canton  has  hit  upon  another,  much  readier,  and  more  powerful 
method  of  communicating  eleCtricity  to  the  air  than  that  deferr¬ 
ed  above.  This  he  gives  me  leave  to  publifh,  and  it  appears  to 
me  to  be  of  fitch  a  nature,  as  that  it  may  very  poflibly  lead  to 
farther  difeoveries  concerning  the  electricity  of  the  atmofphere, 
and  the  phenomena  depending  upon  it.  “  Take,”  fays  he,  a 
«  charged  phial  in  one  hand,  and  a  lighted  candle,  infulated,  in 
“  the  other;  and,  going  into  any  room,  bring  the  wire  of  the 
“  phial  very  near  to  the  flame  of  the  candle,  and  hold  it  there 
“  about  half  a  minute :  then  carry  the  phial  and  candle  out  of 
“  the  room,  and  return  with  the  pith  balls,  fufpended,  and  held 
“  at  arm’s  length.  The  balls  will  begin  to  fepara.te  on  enter- 
“  ing  the  room,  and  will  hand  an  inch  and  half,  or  two  inches 
“  a  part,  when  brought  near  the  middle  of  it.” 

Signior  Beccaria,  who  had  no  knowledge  of  what  Mr. 
Canton  had  done,  made  the  fame  difeovery  of  the  communi¬ 
cation  of  eleTricity  to  the  air,  and  diverfified  the  experiment  in 
a  much  more  pleafing  and  fatisfaCtory  manner.  He  proves,  that 
the  air,  which  is  contiguous  to  an  electrified  body,  acquires, 
by  degrees,  the  fame  electricity ;  that  this  eleCtricity  of  the  air 
counteracts  that  of  the  body,  andleflens  its  effeCts,  and  that  as  the 
air  acquires,  fo  it  alfo  parts  with  this  eleCtricity  very  flowly. 

Hs  began  his  experiments  by  hanging  linen  threads  upon  an 
electrified  chain,  and  obferving,  that  they  diverged  the  moft  after 
a  few  turns  of  his  globe.  After  that,  they  came  nearer  together, 
notwithftanding  he  kept  turning  the  globe  and  the  excitation  was 
as  powerful  as  ever  j. 


*  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p.  784. 
f  Lettere  dell’  Elettricifmo,  p.  87. 
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When  he  had  kept  the  chain  electrified  a  confiderable  time, 
and  then  difeontinued  the  friction,  the  threads  collapfed  by  de¬ 
grees,  till  they  hung  parallel.  After  this,  they  began  to  diverge 
again,  without  any  frefli  electrification  ;  and,  if  the  air  was  (till, 
this  fecond  divergence  would  continue  an  hour,  or  more. 

This  divergence  was  leffened  by  the  electrification  of  the  chain. 
For  if  the  globe  was  turned  again,  the  threads  would  firft  become 
parallel,  and  then  begin  to  diverge  again  as  before.  Thus  the 
fecond  divergence  of  the  threads  took  place,  when  the  chain  was 
deprived  of  its  electricity,  and  when  that  which  the  air  had  ac¬ 
quired  began  to  fhow  itfelf. 

While  the  threads  were  beginning  to  diverge  with  the  elec¬ 
tricity  of  the  air,  if  he  touched  the  chain,  and  thereby  took 
off  what  remained’  of  its  electricity,  the  threads  would  feparate 
farther.  Thus  the  more  the  electricity  of  the  chain  was  leffened^ 
the  more  did  the  electricity  of  the  air  appear. 

While  the  threads  were  in  their  fecond  divergence,  he  hung 
two  other  threads,  Ihorter  than  the  former,  by  another  filk  thread 
to  the  chain;  and  when  all  the  electricity  of  the  chain  was  taken 
quite  away,  they  would  feparate,  like  the  former  threads. 

If  he  prefented  other  threads  to  the  former,  in  their  fecond 
divergence,  they  would  all  avoid  one  another  *. 

In  this  complete  and  elegant  manner  did  Signior  Beccaria  de- 
monftrate,  that  air  actually  receives  electricity  by  communication, 
and  lofes  it  by  degrees  ;  and  that  the  electricity  of  the  air  coun¬ 
teracts  that  of  the  body  which  conveys  electricity  to  it. 

Signior  Beccaria  alfo  made  a  variety  of  other  experiments, 
which  demonftrate  other  mutual  affections  of  the  air  and  the 
electric  fluid;  particularly  fome  that  prove  their  mutual  re¬ 


pul  fion  ; 


*  Letters  deli’  Elettricifmo,  p.  90. 
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pulfion;  and  that  the  eleflric  fluid,  in  palling  through  any  por¬ 
tion  of  air,  makes  a  temporary  vacuum. 

He  brought  the  ends  of  two  wires  within  a  fmall  diftance  of 
one  another,  in  a  glafs  tube,  one  end  of  which  was  clofed, 
and  the  other  immerged  in  water;  and  obferveci,  that  the  water 
funk  in  the  tube,  every  time  that  a  fpark  palled  from  the  one  to 
the  other,  the  eledric  fluid  having  repelled  the  air  *. 

He  made  the  eledric  explofion  a  great  number  of  times,  in 
the  fame  air,  inclofed  in  a  glafs  tube,  in  order  to  afcertain  whether 
the  elaflicity  of  the  air  wras  alfeded  by  it;  but  he  could  not  find 
any  alteration.  After  the  operation,  he  broke  the  tube  under 
water,  but  neither  did  any  air  make  its  efcape,  nor  any  water 
force  its  way  into  the  tube.  The  experiment  was  made  with  all 
the  precaution,  with  refped  to  heat  and  cold,  'that  the  nature  of 
the  cafe  required^. 

S.gnior  Beccaria’s  experiments  on  water,  fhowing  its  im- 
perfedion  as  a  condudor,  are  more  furprifing  than  thofe  he  made 
upon  air,  fhowing  its  imperfection  in  the  contrary  refped.  They 
prove  that  w^ater  conduds  eledricity  according  to  its  quantity, 
and  that  a  fmall  quantity  of  water  makes  a  very  great  refiftance 
to  the  palfage  of  the  eledric  fluid. 

He  made  tubes,  full  of  water,  part  of  the  eledric  circuit,  and 
obferved,  that  when  they  were  very  fmall,  they  would  not  tranf- 
mit  a  fh  ck,  but  that  the  fhock  increafed  as  wider  tubes  were 
ufed 

But  what  aftonifhes  us  moll  in  Signior  Beccaria’s  experi¬ 
ments  with  water,  is  his  making  the  eledric  fpark  vifible  in  it, 
notwithflanding  its  being  a  real  condudor  of  eledricity.  Nothing, 

however,  can  prove  more  clearly  how  imperfed  a  condudor 
it  is. 


*  Elettrkifmo  artificial  e  naturale,  p.  no. 


t  Ibid.  p.  81. 
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He  inferted  wires,  fo  as  nearly  to  meet,  in  {mail  tubes  filled 
with  water;  and,  difcharging  {hecks  through  them,  the  eledric 
fpark  was  vifible  between  their  points,  as  if  no  water  had  been  in 
the  place.  The  tubes  were  generally  broken  to  pieces,  and 
the  fragments  driven  to  a  confiderable  diftance.  This  was  evi¬ 
dently  occafioned  by  the  repulfion  of  the  water,  and  its  incom- 
preffibility,  it  not  being  able  to  give  way  far  enough  within  it- 
felf,  and  the  force  with  which  it  was  repelled  being  very  great 

The  force  with  which  fmall  quantities  of  water  are  thus  re¬ 
pelled  by  the  eledric  fluid,  he  fays,  is  prodigious.  By  means  of 
a  charge  of  four  hundred  fquare  inches,  he  broke  a  glafs  tube 
two  lines  thick,  when  the  pieces  were  driven  to  the  diftance 
of  twenty  feet.  Nay  he  fometimes  broke  tubes  eight  or  ten 
lines  thick,  and  the  fragments  were  driven  to  greater  diftances  in 
proportion 

He  found  the  effed  of  the  eledric  fpark  upon  water  greater 
than  the  effed  of  a  fpark  of  common  fire  on  gunpowder  ;  and 
fays  he  does  not  doubt,  but  that,  if  a  method  could  be  found  of 
managing  them  equally  well,  a  cannon  charged  with  water  would 
be  more  dreadful  than  one  charged  with  gunpowder.  He  adually 
charged  a  glafs  tube  with  water,  and  put  a  fmall  ball  into  it, 
when  it  was  difeharged  with  great  force,  fo  as  to  bury  itfelf  in 
fome  clay  which  he  placed  to  receive  it  iji. 

This  refiftance  which  fmall  quantities  of  waiter  make  to  the 
eledric  matter,  he  imagined,  was  greater  than  the  refiftance 
made  to  it  by  air  §.  And  yet  he  thought  it  was  poflible,  that, 
in  this  cafe,  the  eledric  matter  might  not  ad  upon  the  water 

*  Elettricifmo  artificiale  e  naturale,  p.  114. 

f  Lettre  dell* * * §  elettricifmo,  p.  74. 

•j-  Ibid.  p.  75,  76.  Mr.  Lullin  fays,  he  produced  much  greater  efFetts  than  thefe, 
by  making  the  eledtric  fpark  vifible  in  oil  inftead  of  water.  Oil  being  a  much  work  con¬ 
ductor,  the  fpark  in  it  would  be  larger.  DilTertatio  Phyfica,  p.  26. 

§  Elettricifmo  artificiale,  &c.  p.  115. 


immediately. 


200 


Part  I. 


,  S.  BECCARI  A’s 

immediately,  but  upon  the  fixed  air  that  was  in  it.  For  when  the 
tube-s  were  not  broken,  he  oblerved  that  a  great  number  of  air 
bubbles  were  let  loofe,  through  the  whole  mat's  of  the  water, 
rofe  to  the  top,  and  mixed  with  the  common  atmofphere  *. 

He  alfo  imagined  that  the  eledtric  fluid  adted  upon  the  fixed 
air  in  all  bodies,  though  no  experiment  could  make  it  fenfible  j\ 

On  the  contrary,  he  fuppofed  that  the  action  of  the  eledtric 
matter  tended  to  fix  elaflic  air,  by  exciting  a  fulphureous  matter, 
which  Dr.  Hales  fhows  to  have  that  property  J.  But  the  experi¬ 
ment  above-mentioned,  of  the  electric  fpark  taken  in  a  clofed 
tube,  doth  not  favour  this  fuppofition. 

When  a  fmall  drop  of  water  was  put  between  the  points  of 
two  wires,  and  a  large  (hock  palled  through  them,  the  water 
was  equally  difperfed  on  the  infide  of  a  glafs  fphere,  in  which 
they  were  all  inclofed.  In  the  fame  manner,  he  conjedtures,  that 
the  ail  ion  of  the  eledtric  matter  promotes  the  evaporation  of 
water  §. 

Discharging  a  fhock  through  a  quantity  of  water,  poured  on 
a  flat  furface,  where  fome  parts  of  the  circuit  were  purpofely  left 
aim  oh  dry  ;  thofe  parts  became  quite  dry  fooner  than  they  would 
have  been,  if  no  fhock  had  pafled  through  them  ||. 

Upon  this  principle  he  accounts  for  the  fuppofed  burfting 
of  the  blood  veffels  in  fmall  birds  killed  by  the  eledtric  fhock  ®[. 
And  when  a  mufcle  contradts  by  the  fhock,  he  fuppofes  it  is 
owing  to  the  dilatation  of  the  fluids  their  fibres  contain,  as  the 
eledtric  matter  pafies  through  them. 

So  imperfedt  a  condudtor  of  eledlricity  is  mere  water,  that, 
he  thought,  a  green  leaf  condudted  a  fhock  better  than  an  equal 
thicknefs  of  water  If  this  be  true,  and  vegetable  fluids  con- 
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dud  eledricity  better  than  water,  it  will  confirm  a  conjedure 
which  Dr.  Franklin  told  me  he  had  drawn  from  fome  experi¬ 
ments  that  he  had  not  properly  purfued,  viz.  that  animal  fluids 
conduded  eledricity  better  than  water.  He  tried  milk  many  years 
ago;  and  Mr.  Kinnerfley,  and  others  in  America,  have  fince 
tried  blood  and  urine,  and  alfo  the  finews  of  animals  newly 
killed;  and  they  were  all  found  to  be  exceedingly  good  con— 
dudors,  remarkably  better  than  water. 

Sign ior  Beccaria  alfo  found,  that  even-  metal  was  not  a 
perfed  condudor  of  eledricity,  but  made  fome  refiftance  to 
the  paflage  of  the  eledric  fluid.  This  he  afcertained,  by  mea- 
furing  the  time  that  it  was  retarded,  in  its  pafling  through  long 
and  fmall  wires,  notwithftanding  the  experiments  which  had  been 
made  before,  that  feemed  to  prove  the  contrary. 

He  fufpended  a  wire  of  five-  hundred  Paris  feet,  in  a  large 
building,  and,  by  means  of  a  pendulum  which  vibrated  half 
feconds,  obferved,  that  light  bodies  placed  under  a  ball  of  gilt 
paper,  at  one  end,  did  not  move,  till*  at  leaf!:,  one  vibration  of 
this  pendulum,  after  he  had  applied  the  wire  of  a  charged  phia-l 
to  the  other. 

Trying  the  fame  with  a  hempen  cord,  he  could  count  fix, 
or  more  vibrations  before  they  would  ftir ;  but  when  he  had 
wetted  the  cord,  they  were  moved  after  two  or  three  vibrations  *, 
He  does  not,  however,  abfolutely  fay,  that  the  eledric  fluid 
inuft  have  taken  up  alt  this  time  in  its  progrefs,  as  it  might 
require  a  certain  quantity  of  the  fluid,  before  it  could  raife  the 
light  bodies.  But  he  did  imagine,,  that  it  moved  with  more  ve¬ 
locity,  in  proportion  as  the  bodies  into  which  it  pafled  had  more 
or  )efs  of  the  fluid  before  *)\  And  he  was  confirmed  in  this  opb. 
nion  by  feveral  phenomena  of  the  atmofphere,  which  will  be 
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related  in  their  proper  place,  particularly  by  feeing,  very  evident¬ 
ly,  the  progrefs  of  a  quantity  of  eledric  matter  in  the  air,  as  it 
advanced  to  ftrike  his  kite. 

To  thefe  experiments  of  Signior  Beccaria  on  the  conducing 
powers  of  air  and  water,  I  fhall  fubjoin  another  curious  fet  of 
the  fame  author,  fhowing  the  manner  in  which  the  fmoke  of 
rofin  and  of  colophonia  is  affeded  by  the  approach  of  an 
electrified  body,  as  they  have  a  very  near  affinity  to  this  fubjed.  * 

Repeating  Dr.  Franklin’s  experiments  to  make  eledric  at- 
mofpheres  vifible  with  the  fume  of  colophonia,  which  he  pre¬ 
ferred,  for  this  purpofe,  to  rofin  ;  he  obferved  feveral  curious 
circumflances,  which  had  efcaped  the  notice  of  that  ingenious 
philofopher. 

He  heated  the  colophonia  on  a  coal,  which  he  held  in  a  fpoon 
under  an  eledrified  cube  of  metal  ;  and  obferved,  that  when 
part  of  the  fmoke  afeended  to  the  cube,  another  part  covered  the 
handle  of  the  fpoon,  and  fpread  to  his  hand 

The  fmoke  lay  higher  on  the  flat  parts  of  the  cube  than  on  the 
edges,  and  corners. 

If  a  fpark  was  taken  from  the  condudor,  the  fmoke  was  thrown 
into  an  agitation,  but  prefently  refumed  its  former  fituation. 

The  cube  with  its  atmofphere  gave  larger,  and  longer  fparks, 
than  a  cube  not  furrounded  with  one. 

A  larger  fpark  might  be  taken  from  it  by  the  fpoon,  than 
by  any  other  body. 

Having  infulated  the  fpoon,  he  obferved,  that  hardly  any  of 
the  fmoke  went  to  the  cube ;  and  that  what  happened  to  go 
near  it  was  not  affeded  by  it,  any  more  than  it  would  have 
been  by  any  other  body.  He  put  his  finger  to  the  fpoon, 
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and  the  former  phenomena  returned.  Taking  it  off  again, 
the  fmoke  that  had  fettled  on  the  cube  foon  difperfed 

Under  this  head  of  the  eledricity  of  various  fubflances,  it  will 
not  be  improper  to  mention  an  experiment  made  by  Mr. 
Henry  Eeles  of  Lifmore  inlreland,  which,  he  thought,  proved  that 
fleam,  and  exhalations  of  all  kinds,  are  eledrical.  The  paper 
containing  this  account  was  read  at  the  Royal  Society,  April 
the  23d,  1755. 

He  eledrified  a  piece  of  down,  fufpended  on  the  middle  of  a 
long  filk  firing,  and  made  fleam  and  fmoke  of  feveral  kinds  pafs 
under  it,  and  through  it ;  and  obferved,  that  its  eledricity  was  not 
in  the  leaf!  diminifhed,  as  he  thought  it  would  have  been,  if 
the  vapour  had  been  non-eledric,  and  confequently  had  taken 
away  with  it  part  of  the  eledric  matter  with  which  the  down 
was  loaded.  He  obferved  that  the  effed  was  the  fame,  whether 
the  down  was  eledrified  with  glafs  or  wax,  which  he  thought 
was  not  eafy  to  be  accounted  for  j~. 

To  this  experiment  Dr.  Darwin  of  Litchfield,  in  a  letter  ad- 
dreffed  to  the  Royal  Society,  and  read  May  the  5th,  1757,  an" 
fwers  ;  that  many  eledrified  bodies,  and  particularly  all  light, 
dry,  animal,  and  vegetable  fubflances,  will  not  eafily  part  with 
their  electricity,  though  they  be  touched,  for  a  confiderable  time, 
with  condudors.  He  touched  a  feather,  eledrified  like  that  of 
Mr.  Eeles,  nine  times  with  his  finger,  and  flill  found  it  eledrified. 
A  cork  ball  was  touched  feven  times  in  ten  feconds  before  it  was 
exhaufled  J. 

Mr.  Kinnersley  of  Philadelphia,  in  a  letter  dated  March 
1761,  informs  his  friend  and  correfpondent  Dr.  Franklin, 
then  in  England,  that  he  could  not  eledrify  any  thing  by  means 
of fleam  from  eledrified  boiling  water  ;  from  whence  he  conclud- 
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ed,  that,  contrary  to  what  had  been  before  fuppofed  by  him- 
felf  and  his  friend,  fteam  was  fo  far  from  rifing  eledrified,  that 
it  left  its  (hare  of  common  eledricity  behind  *. 

To  try  the  effeds  of  eledricity  upon  air,  Mr.  Kinnerfley  con¬ 
trived  an  excellent  inftrument,  which  be  calls  an  electrical  air 
thermometer .  It  confilled  of  a  glafs  tube,  about  eleven  inches 
long,  and  one  inch  in  diameter,  made  air  tight,  clofed  with 
brafs  caps  at  each  end,  and  a  fmall  tube,  open  at  both  ends, 
let  down  through  the  upper  plate,  into  fome  wrater  at  the  bottom 
of  the  wider  tube.  Within  this  veflel  he  placed  two  wares,  one 
defcending  from  the  brafs  cap  at  the  upper  end,  and  the  other 
-afcending  from  the  brafs  cap  at  the  lowrer  end  ;  through  which  he 
could  difcharge  a  jar,  or  tranfmit  a  fpark,  &c.  and  at  the  fame 
time  fee  the  expanlion  of  the  air  in  the  velfel,  by  the  rife  of  the 
water,  in  the  fmall  tube.  With  this  inftrument  he  made  the 
following  experiments,  related  in  a  letter  to  Dr.  Franklin,  dated 
March  the  12th,  1761. 

He  fet  the  thermometer  on  an  electric  ftand,  with  the  chain  fixed 
to  the  prime  condudor,  and  kept  it  well  eledrified  a  confiderable 
time ;  but  this  produced  no  confiderable  elfed  :  from  whence 
he  inferred,  that  the  eledric  fire,  when  in  a  ftate  of  reft,  had 
no  more  heat  than  the  air,  and  other  matter  wherein  it  refides. 

When  the  two  wires  within  the  veflel  were  in  contad,  a 
large  charge  of  eledricity,  from  above  thirty  fquare  feet  of  coat¬ 
ed  glafs,  produced  no  rarefadion  in  the  air ;  which  fhowed, 
that  the  wires  were  not  heated  by  the  fire  palTing  through 
them. 

When  the  wires  were  about  two  inches  afunder,  the  charge 
of  a  three  pint  bottle,  darting  from  one  to  the  other,  rarefied 
the  air  very  evidently;  which  fhewed,  that  the  eledric  fire 
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produced  heat  in  itfelf,  as  Mr.  Kinnerfley  fays,  as  well  as  in  the 
air,  by  its  rapid  motion. 

The  charge  of  a  jar  which  contained  about  five  gallons  and  a 
half,  darting  from  wire  to  wire,  would  caufe  a  prodigious  ex- 
panfion  in  the  air;  and  the  charge  of  his  battery  of  thirty 
fquare  feet  of  coated  glafs  would  raife  the  water  in  the  fmall 
tube  quite  to  the  top.  Upon  the  coalefcing  of  the  air,  the  column 
of  water,  by  its  gravity,  inftantly  fubfided,  till  it  was  in  equili“ 
brio  with  the  rarefied  air.  It  then  gradually  defcended,  as  the 
air  cooled,  and  fettled  where  it  flood  before.  By  carefully 
obferving  at  what  height  the  defcending  water  firfi  flopped,  the 
degree  of  rarefaction,  he  fays,  might  be  difcovered,  which,  in 
great  explofions,  was  very  confiderable. 

It  is  obvious  to  remark,  that  the  firfi  hidden  rife  of  the  water 
of  Mr.  Kinnerfley’s  thermometer,  upon  an  explofion  being  made 
in  the  veffel  which  contained  it,  is  not  to  be  afcribed  to  the 
rarefaClion  of  the  air  by  heat,  but  to  the  quantity  of  air  actually 
difplaced  by  the  eleCtrical  flafh.  It  is  only  when  that  firfi  fudden 
rife  is  fubfided,  as  Mr.  Kinnerfley  himfelf  obferves,  that  the  de¬ 
gree  of  its  rarefaction  by  the  heat  can  be  eflimated,  viz.  by  the 
height  at  which  the  water  then  hands  above  the  common  level. 

Dr.  Franlkin  had  faid,  that  ice  failed  to  conduCt  a  fhock  of 
eleCtricity ;  and  Mr.  Bergman,  in  a  letter  to  Mr.  Wilfon,  read 
at  the  Royal  Society  November  the  20th,  1760,  fhowrs  (w7hat 
Signior  Beccaria  had  done  before)  that  a  fmall  quantity  of  water 
failed  as  much  as  the  ice  had  done  with  Dr.  Franklin,  who  feems 
to  have  made  ufe  of  an  icicle  which,  Mr.  Bergman  thought, 
was  not  large  enough  for  the  purpofe.  From  hence  he  fufpeCted, 
that  large  quantities  of  ice  would  tranfmit  a  fhock  of  eleCtricity  as 
perfectly  as  a  large  quantity  of  water 


•  Phil.  Tranf.  Vol.  li.  pt.  ii.  p.  908. 


How- 


/ 


2c6  EXPERIMENTS,  Szc.  Part  I. 

However.,  he  Teems,  afterwards,  to  have  changed  his  fenti- 
ments  with  refped  to  ice  :  for,  in  a  fubfequent  paper,  read  at  the 
Royal  Society  March  the  i8th,  1762,  when  he  had  remarked  that 
fnow  would  not  conduct  the  electric  fhock,  he  fays,  he  believes, 
if  he  could  procure  plates  of  ice  of  a  proper  thicknefs,  he  could; 
charge  them  in  the  fame  manner  as  glafs  *. 

Johannes  Franciscus  Cigna  was  fo  fully  perfuaded  of  the 
non-conduding  power  of  ice,  that  he  made  ufe  of  it  in  an  ex- 

4 

periment,  defigned  to  afcertain  whether  eledric  fubftances  did* 
according  to  Dr.  Franklin’s  hypothecs,  contain  more  of  the  elec¬ 
tric  matter  than  other  bodies.  He  inclofed  a  quantity  of  ice  in  a 
glafs  veffel,  and  when  he  thought -he  had  converted  it  from  an 
eledric  to  a  non-eledric  by  melting ;  he  tried  whether  it  was 
eledrified  ;  but,  though  he  found  no  appearance  of  its  having  ac¬ 
quired  any  more  of  the  fluid  than  it  ought  to  have  in  its  new: 
ftate,  he  does  not  feem  to  have  given  up  his  opinion  j\ 

In  the  lafl:  part  of  this  work  the  reader  will  find  fome  experi¬ 
ments,  which,  it  is  imagined,  will  afcertain  the  clafs  of  bodies 
in  which  ice  ought  to  be  ranked,  by  proving  its  conducting 
power  to  be,  at  leaf!:,  nearly  equal  to  that  of  water. 
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Mr.  CANTON’s  experiments  and  discoveries  relating 

TO  THE  SURFACES  OF  ELECTRIC  BODIES,  AND  OTHERS  MADE 
IN  PURSUANCE  OF  THEM,  OR  RELATING  TO  THE  SAME 
SUBJECT;  ALL  TENDING  TO  ASCERTAIN  THE  DISTINCTION 
BETWEEN  THE  TWO  ELECTRICITIES, 


I L  L  this  laft  period  of  the  hiftory,  the  fame  electricity  had 
JL  always  been  produced  by  the  fame  eleCtric.  The  friction 
of  glafs  had  always  produced  a  pofitive,  and  the  friction  of  feaN 
Ing-wax,  &c.  had  always  produced  a  negative  electricity.  Thefe 
were  thought  to  be  eflential,  and  unchangeable  properties  of 
thofe  fubftances  ;  and  hence  the  one  was  by  many  called  the 
vitreous,  and  the  other  the  refinous  eleCt  ricity;  and  to  eleCtrify 
negatively,  that  is,  produce  a  refinous  electricity,  by  means  of  glafs ; 
or  to  eleCtrify  pofitively,  that  is,  produce  a  vitreous  electricity, 
by  means  of  fealing-wax,  &c.  would  have  been  thought  as 
great  a  paradox,  as  to  eleCt rity  at  all  by  the  friction  of  brafs 
or  iron.  For  though  it  was  not  known  why  the  electric  matter 
fhould  flow  from  the  rubber  to  the  excited  glafs,  or  to  the  rub¬ 
ber  from  excited  fealing-wax,  the' faCt  had  been  invariable; 
and  nothing  is  even  mentioned  to  have  happened,  in  the  courfe 
of  any  experiments,  that  could  lead  a  perfon  to  fufpeCt  the  pof- 
Ability  of  the  contrary. 
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What  then  muft  have  been  the  furprize  of  eledricians,  to  find 
that  thefe  different  powers  of  glafs  and  fulphur  were  fo  far  from' 
being  invariable,  that  they  were  even  interchangeable ;  and  that 
the  fame  glafs  tube  could  be  made  to  affume  the  powers  of 
both  !  And  what  muft  have  been  their  fatisfadion  to  find  the  cir- 
cumftance  on  which  the  convertibility  of  thofe  oppofite  powers, 
depended,  completely  afcertained.  This  furprize  and  pleafure 
was  given  them  by  Mr.  Canton,  who  fhowed  that  it  depended! 
only  on  the  rubber,  and  the  furface  of  the  glafs,  whether  it  elec¬ 
trified  pofitively  or  negatively. 

In  what  manner,  by  what  train  of  thought,  or  by  what  accident 
he  was  led  to  this  difcovery,  this  excellent  philofopher  has  not 
been  pleafed  to  inform  us  ;  but  it  is  certainly  a  difcovery  which,, 
in  an  eminent  manner,  diftinguifhes  this  period  of  my  hiftory. 
It  throws  great  light  upon  the  dodrine  of  pofitive  and  negative 
eledricity,  and  led  the  way  to  other  difcoveries  which  throw  ftill 
more  light  upon  it. 

This  fubjed  of  the  two  eledricities  feems  to  have  engaged’ 
the  attention  of  eledricians  in  a  more  particular  manner,  in  the 
whole  courfe  of  this  period,  and  ever  fince  the  difcovery  of  Dr. 
Franklin,  that  the  eledricity  of  the  two  furfaces  of  charged  glals- 
are  always  contrary  to  one  another.  Accordingly,  the  reader 
will  find  feveral  fedions  in  this  period  of  the  hiftory  relating  to 
it;  but  he  will  find  that  though  much  has  been  done,  much  yet 
remains  to  be  done ;  and  that  we  are  ftill  far  from  thoroughly 
underftanding  the  nature  of  the  two  eledricities,  with  their  de¬ 
pendence  upon  and  relation  to  one  another. 

Previous  to  the  communication  of  the  difcovery  itfelf,  Mr. 
Canton  obferves,  that  fealing-wax  might  have  pofitive  eledricity 
fuperinduced  upon  it.  He  excited  a  ftick  of  fealing-wax  about 
two  feet  and  a  half  in  length,  and  an  inch  in  diameter ;  and, 
holding  it  by  the  middle,  he  drew  an  excited  glafs  tube  feveral 
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times  over  one  part  of  it,  without  touching  the  other.  The  con  - 
fequence  was,  that  that  half  which  had  been  expofed  to  the  ac¬ 
tion  of  the  excited  glafs  was  pofitive,  and  the  other  half  negative  : 
for  the  former  half  deftroyed  the  repelling  power  of  balls  elec¬ 
trified  by  glafs,  while  the  other  half  increafed  it  *, 

The  experiments,  which  prove  that  the  appearances  of  pofi¬ 
tive  and  negative  electricity  depend  upon  the  furface  of  the  elec¬ 
trics,  and  that  of  the  rubber,  were  made  in  the  latter  end  of  De¬ 
cember  1753. 

Having  rubbed  a  glafs  tube  with  a  piece  of  thin  {fleet  lead, 
and  flour  of  emery  mixed  with  water,  till  its  tranfparency  was 
intirely  deftroyed,  he  excited  it  (when  it  was  made  .perfectly 
clean  and  dry)  with  new  flannel,  and  found  it  ad  in  all  re- 
fpeds  like  excited  fulphur  or  fealing-wax.  The  eledric  fire 
feemed  to  iffue  from  the  knuckle,  or  end  of  the  finger,  and  to 
fpread  itfelf  on  the  furface  of  the  tube,  in  a  very  beautiful  manner. 

If  this  rough  or  unpolifhed  tube  was  excited  by  a  piece  of 
dry  oiled  filk,  efpecially  when  rubbed  over  with  a  little  chalk  or 
whiting,  it  would  ad  like  a  glafs  tube  with  its  natural  polifh.  In 
this  cafe  the  eledric  fire  appeared  only  at  the  knuckle,  or  the  end 
of  the  finger,  where  it  feemed  to  be  very  much  condenfed,  before 
it  entered. 

But  if  the  rough  tube  was  greafed  all  over  with  tallow  from  a 
candle,  and  as  much  as  poflible  of  it  wiped  off  with  a  napkin, 
then  the  oiled  filk  would  receive  a  kind  of  polifh  by  rubbing  it; 
and,  after  a  few  ftrokes,  would  make  the  tube  ad  in  the  fame  man¬ 
ner  as  when  excited  at  firft  by  flannel. 

The  oiled  filk,  when  covered  with  chalk  or  whiting,  would 
make  the  greafed  rough  tube  ad  again  like  a  polifhed  one ;  but 
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if  the  fridtion  was  continued  till  the  rubber  became  fmooth,  the. 
eledric  power  would  be  changed  to  that  of  fulphur,  fealing- 
wax,  &Co 

Thus,  lays  he,  may  the  pofitive  and  negative  powers  of  elec¬ 
tricity  be  produced  at  pleafure,  by  altering  the  furfaees  of  the 
tube  and  rubber,  according  as  the  one  or  the  other  is  meft  affedled 
by  the  fridlion  between  them.  For  if  the  polifk  be  taken  off  one 
half  of  a  tube,  the.  different  powers  may  be  excited  with  the 
fame  rubber  at  a  lingle  broke  ;  and,  he  adds,  the  rubber  is  found 
to  move  much  eafier  over  the  rough,  than  over  the  polifhed  part 
of  it. 

That  polifhed  glafs  eledlrined  pofitively,  and  rough  glafs 
rubbed  with  flannel  negatively,  feemed  plain  from  the  appear¬ 
ance  of  the  light  between  the  knuckle,  or  end  of  the  finger,  and 
the  refpedtive  tubes.  But  this,  Mr.  Canton  thought,  was  farther 
confirmed  by  obferving,  that  a  polifhed  glafs  tube,  when  excited 
by  fmooth  oiled  lilk,  if  the  hand  was  kept  three  inches,  at  leaf!, 
from  the  top  .  of  the  rubber,  would,  at  every  broke,  appear  to 
throw  out  a  great  number  of  diverging  pencils  of  eledtric  bre  ;  but 
that  none  were  ever  feen  to  accompany  the  rubbing  of  fulphur, 
fealing-wax,  &c.  nor  was  he  ever  able  to  make  any  fenfible  air 
teration  in  the  air  of  a  room  merely  by  the  fridlion  of  thofe 
bodies ;  whereas  the  glafs  tube,  when  excited  fo  as  to  emit  pen¬ 
cils,  would,  in  a  few  minutes,  eledlrify  the  air,  to  fuch  a  der- 
gree,  that,  after  the  tube  was  carried  away,  a  pair  of  balls,  about 
the  fize  of  the  fmalleb  peas,  turned  out  of  cork,  or  the  pith  of 
elder,  and  hung  to  a  wire  by  linen  threads  of  fix  inches  long, 
would  repel  each  other  to  the  dibance  of  an  inch  and  an  half, , 
when  held  at  arm’s  length  in  the  middle  of  the  room  *. 
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After  thefe  experiments  of  Mr.  Canton,  Mr.  Wilfon  made 
feveral,  which  throw  a  little  more  light  upon  this  curious  fub- 
jed  ;  but  it  is  difficult  to  draw  any  general  conclufion  from  them, 
and  his  own  is  not  fufficiently  determinate.  It  is,  that  two  elec¬ 
trics  being  rubbed  together,  the  body  whofe  fubhance  is.harddl, 
and  eledric  power  hrongeh,  will  always  be  plus,  and  the  fofteh 
and  weakeh  minus  *.  Rubbing  the  tourmalin  and  amber  together, 
he  produced  a  plus  electricity  on  both  fides  of  the  hone,  and  a 
minus  on  the  amber ;  but  rubbing  the  tourmalin  and  diamond 
together,  both  fides  of  the  tourmalin  were  eledrified  minus ,  and 
the  diamond  plus . 

These  experiments,  which,  he  thought,  proved  this  propo¬ 
rtion,  encouraged  him  to  try  what  would  be  the  effed  of  rub¬ 
bing  or  forcing  air  againh  different  eledrics,  and  the  effeds  were 
very  confiderable.  In  thefe  experiments  he  only  made  ufe  of  a 
common  pair  of  bellows,  and  his  firh  experiment  was  upon  the 
tourmalin.  This  fubhance  he  brought  near  the  end  of  the  pipe, 
and  found,  that  after  it  had  received  about  twenty  blahs,  it  was 
eledrified  plus  on  both  fides.  Air,  therefore,  feemed  to  be  lefs 
eledric  than  the  tourmalin. 

Into  the  place  of  the  tourmalin,  he  brought  a  pane  of  glafs, 
and  blew  againh  it  the  fame  number  of  times  as  in  the  former 
experiment;  and  when  he  had  examined  both  fides,  he  found 
that  they  were  eledrified  plus  alfo,  but  lefs  than  the  tourmalin. 

Amber,  treated  in  the  fame  manner,  was  eledrified  lefs  than 
the  glafs. 

He  next  had  recourfe  to  a  fmith’s  bellows.  The  difference 
which  thefe  occafioned  was  only  a  much  hronger  eledricity  in 
the  tourmalin.  Amber  was  hill  weaker  than  the  glafs  ;  and  the 

glafs  weaker  than  the  tourmalin. 

•  # 
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Having  in  view  the  medium  (which,  I  have  obferved,  he 
laid  great  ftrefs  upon,  as  conftituting  the  difference  between; 
eledrics  and  non-eledrics)  he  confidered  that  heat  would  rarify  it 
on  the  furfaces  of  the  particles  of  air  ;  by  which  means,  air,  hav¬ 
ing  its  refiftance  leffened,  would  more  readily  part  with  the  eledric 
fluid,  and,  of  confequence,  ele  drily  more  powerfully. 

The  pipe  of  the  bellows  being  made  red-hot,  he  blew  againfl 
the  tourmalin,  twelve  times  only,  which  was  eight  times  lefs  than 
in  the  former  experiment  with  cold  air.  In  this  experiment  the 
tourmalin  was  eledrified  plus  on  both  hides,  but  to  a  confider- 
able  degree  more  than  was  done  in  the  former  experiments.  The 
hot  air  had  the  fame  effed  upon  glafs,  but  eledrified  it  lefs  than 
the  tourmalin;  and  amber,  though,  like  the  other  bodies,  it 
received  an  increafe  of  power  by  the  fame  treatment,  was  elec¬ 
trified  the  leaf!  of  all. 

From  the  air  eledrifying  more  powerfully  when  it  was  hot 
than  when  it  was  cold,  and  the  tourmalin  being  eledrified  more 
than  glafs,  and  glafs  more  than  amber,  as  appeared  by  the  laft 
experiments,  we  feem,  fays  Mr.  Wilfon,  to  have  obtained  a 
proof,  that  the  whole  atmofphere  is  conftantly  promoting  a  flow 
of  the  eledric  fluid,  by  the  alternate  changes  of  heat  and  cold ; 
and  farther,  that  air  is  not  only  lefs  eledric  than  the  tourmalin,, 
but  lefs  than  glafs,  or  even  amber  *. 

In  another  paper,  read  at  the  Royal  Society  November  the 
13th,  1760,  Mr.  Wilfon  recites  fome  curious  experiments, 
which,  he  fays,  fhew  that  a  plus  eledricity  may  be  produced  by 
means  of  a  minus  eledricity. 

Having  eledrified  the  infide  of  a  large  Leyden  bottle  plus-> 
by  means  of  a  concluding  wire  from  an  excited  glafs  globe ;  he 
-fet  it  on  a  Hand  of  prepared  wood,  and  took  away  the  conducting 
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wire,  after  which  the  mouth  of  the  bottle  was  clofed  with  a  hop¬ 
ple  of  glafs.  Then  the  pointed  end  of  an  ivory  conductor  was 
brought  oppofite  to  the  middle  of  the  bottle,  and  about  two  inches 
from  it.  Upon  doing  this,  the  balls  were  electrified  minus  ;  and 
the  more  fo  as  the  ivory  was  moved  nearer  the  bottle,  in  an  hori¬ 
zontal  direction. 

But,  on  removing  the  ivory  to  a  greater  diftance,  the  minus 
electricity  decreafed ;  and,  at  a  certain  diftance,  there  was  not 
any  fign  of  it  remaining ;  but  when  the  diftance  was  increafed 
to  about  eighteen  inches  from  the  bottle,  a  plus  electricity  ap¬ 
peared,  which  continued  even  after  the  ivory  was  removed  en¬ 
tirely  away*. 

With  a  cylinder  of  baked  wood  he  electrified  the  balls  hang¬ 
ing  to  the  ivory  minus,  at  the  diftance  of  four  feet  or  more,  by 
holding  the  cylinder  over  the  middle  of  the  ivory,  and  continuing 
it  there ;  and,  on  moving  it  nearer,  they  were  more  ftrongly  elec¬ 
trified  minus  ;  but  the  fame  cylinder,  on  removing  it  back  again 
to  the  diftance  of  two  or  three  feet,  or  more,  electrified  the  balls 
plus. 

When  another  conductor  of  metal,  without  edges  or  points, 
was  ufed,  inftead  of  the  ivory,  and  without  any  thing  hanging 
from  it,  the  fame  cylinder  held  over  the  metal  (as  was  done  in 
the  laft  experiment  over  the  ivory,  at  the  diftance  of  two  feet) 
produced  a  plus  eledricity  ;  and  this  was  rendered  weaker  as  the 
cylinder  was  moved  nearer  \  but  by  leffening  the  diftance  to  about 
one  foot,  the  minus  eleChicity  took  place.  In  thefe  cafes  Mr. 
Wilfon  thought,  that  the  plus  appearance  arofe  from  the  earth, 
air,  or  other  neighbouring  bodies. 

When  the  preceding  experiments  were  firfl  made,  he  was  a 
little  embaraffed,  by  the  uncertain  appearances  of  a  plus  eledricity 
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at  one  time,  and  a  mintis  at  another,  in  the  fame  experiment ;  but, 
by  repeated  trials  and  obfervations,  he  found,  -that  a  plus  or  minus 
eleCtricity  may  be  produced  at  pleafure,  by  carefully  attending 
to  the  three  following  circumdances  ;  viz.  the  form  of  the  bodies, 
their  fudden  or  gradual  removal,  and  the  degrees  of  electrifying. 

Mr.  Wilson,  after  this,  proceeds  to  mention  forne  other  cir- 
cumitances  of  a  very  nice  nature,  where,  the  flighted  and  al- 
mod  imperceptible  differences  in  the  petition  or  in  the  courfe 
of  the.  friCtion  of  two  bodies  produce,  in  either  of  them,  the  plus 
eleCtricity  at  one  time,  and  the1  minus  at  another.  Such,  fays  he, 
are  the  effeCts  of  this  fubtle  and  active  fluid,  when  the  experi¬ 
ments  are  carefully  made  ;  and  therefore  they  require  the  mod 
{crapulous  attention  to  trace  out  the  caufes  which  occafion  them. 

Sealing-wax  and  fllver  wrere  the  bodies  ufed  in  the  two  fird 
experiments,  but  many  other  fubdances  feemed  to  perform  as 
well.  The  fealing-wax  was  clean,  and  undidurbed  by  any  fric¬ 
tion  whatever,  but  that  of  the  air  furrounding  it,  and  had  been 
fo  for  fome  hours.  The  fllver  was  fixed  to  a  piece  of  prepared 
wood,  which  -was  alfo  preferved  fipm  friction  for  the  fame  length 
of  time.  Then,  taking  one  of  thofe  fubdances  in  each  hand, 
the  fllver  being  at  the  end  of  the  wood  the  farthed  from  the 
hand,  he  laid  the  fmoothed  part  of  the  fllver  upon  the  fealing- 
wax,  and  moved  it  along  the  furface  gently,  once  only,  and  with 
a  very  flight  preffure,  after  which  the  fllver  was  electrified  plus, 
and  the  wax  minus. 

On  repeating  the  experiment  with  equal  care,  and  in  the 
fame  manner,  except  that  the  fmooth  fide  of  the  fllver  was  a  little 
inclined,  lo  that  the  edge  of  it  preffed  againfl  the  wax ;  the 
fllver,  after  moving  it  as  before,  was  electrified  minus ,  and  the 
wax  plus ,  contrary  to  what  was  obferved  in  the  lad  experiment. 

These  oppoiite  effeCts,  occafloned  by  the  different  applica¬ 
tions  of  the  flatted  part  or  edge  of  the  fllver,  feemed  to  arife 
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from  an  alteration  made  in  the  furface  of  the  wax,  by  deflroy- 
ing  the  polifh  in  one  cafe,  and  not  in  the  other;  and  in  this  re-- 
fped  refembled  the  polifhed  and  rough  glafs  mentioned  before. 

Upon  making  ufe  of  prepared  wood  inftead  of  wax,  and  em¬ 
ploying  different  degrees  of  preffure  in  the  fridion,  with  the 
fame  edge  of  the  filver,  he  produced  the  like  appearances  ;  the 
lead  preffure  caufing  a  plus,  and  the  greateft  preffure  a  minus 
appearance  in  the  filver. 

A  flat  piece  of  fteel  well  poliffied,  and  the  edges  rounded 
off,  afforded  the  fame  appearances,  by  only  applying  the  flat 
furface  to  the  wood,  but  it  required  more  prefling  to  produce  the 
minus  effed  in  this  cafe  than  it  did  in  the  former,  where  the 
edge  was  concerned. 

Whether  the  reafon  offered  above  for  explaining  thefe  laff 
curious  appearances  be  true  or  not,  Mr.  Wilfon  did  not  venture 
to  affirm,  for  want  of  farther  experiments ;  but  thus  much  he 
thought  might  be  fafely  advanced,  that  we  have  learned  to 
produce  at  pleafure  a  plus  or  minus  eledricity  from  the  fame 
bodies,  by  attending  to  the  manner  of  their  application  and 
fridion  *. 

Mr.  Bergman,  in  a  letter  to  Mr.  Wilfon,  read  at  the  Royal 
Society  February  the  23d,  1764,  gives  an  account  of  fome  curi¬ 
ous  experiments  of  his,  which,  in  conjunftion  with  thofe  of  Mr. 
Canton  above  mentioned,  concerning  furfaces,  may  throw  con- 
fiderable  light  upon  the  dodrine  of  pofitive  and  negative  elec¬ 
tricity. 

The  experiments  were  made  with  two  ribbons  of  filk,  one-  of 
which  was  extended  in  a  frame,  while  Mr.  Bergman  held  the 
other  in  his  hand.  He  oblcrved,  that  if  the  two  ribbons  were  the 
fame  with  refpect  to  texture,  colour,  fuperficies,  and  in  every 
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thing  elfe,  as  far  as  could  be  judged;  and  if  he  drew  the  whole 
length  of  the  ribbon  which  he  held  in  his  hand  over  one  part 
of  that  which  was  extended  in  the  frame,  that  in  his  hand  con- 
traded  the  politive  eledricity,  and  that  in  the  frame  a  negative. 
If  he  drew  one  part  of  that  which  he  held  in  his  hand  over  the 
whole  length  of  the  other,  the  effeds  were  reverfed. 

If  the  ribbon  in  his  hand  was  of  a  different  colour  from  that  in 
the  frame  (provided  it  was  not  black)  the  event  was  the  fame. 

If  the  ribbon  in  Iris  hand  was  black,  it  was  always  negative, 
which  ever  way  it  was  rubbed,  except  that  in  the  frame  was  black 
too;  for  then,  if  the  whole  length  of  it  was  rubbed,  it  was  elec¬ 
trified  pofitively. 

In  endeavouring  to  account  for  thefc  effeds,  he  obferves,  that 
the  ribbon  which  was  moft  rubbed,  was  made  fnoothcr ,  and 
warmer  than  the  other ;  and  was  of  opinion,  that  though  fmooth- 
nefs  did  difpofe  bodies  to  be  excited  pofitively,  yet  that  other 
circumftances  were  alfo  to  be  taken  into  confideration ;  having 
found  that  when  he  held  in  his  hand  a  ribbon,  which,  by  much 
fridion,  was  made  very  fmooth,  and  drew  it  over  one  part  of 
another  ribbon,  which  was  rough,  and  had  never  been  ufed  be¬ 
fore,  that  the  rough  ribbon  was,  neverthelefs,  pofitive.  -  From 
this  experiment  he  concluded,  that  this  effed  was,  in  fome 
meafure,  owing  to  the  colour  ;  and,  in  purfuing  this  thought  far¬ 
ther,  he  was  led  to  the  following  experiments. 

If  the  ribbon  in  his  hand  was  well  warmed,  though  it  was 
drawn  over  one  part  of  that  in  the  frame,  it  became  eledrified 
negatively,  and  that  in  the  frame  pofitively.  He  made  thefe 
experiments  with  the  fame  fuccefs  upon  ribbons  of  filk  of  various 
colours,  blue,  green,  red,  white,  &c. 

If  the  ribbon  in  the  frame  was  black,  it  never  contraded  a 
pofitive  eledricity,  though  that  in  his  hand  had  been  much  heat¬ 
ed,  except  this  were  black  too.  From  thefe  experiments,  he 
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thought  he  might  fafely  conclude,  that  heat  did  difpofe  fome  fub- 
flances,  at  leaft,  to  a  negative  Rate  ;  and  he  thought  that  the  want 
of  attention  to  this  circumftance  might  have  occafioned  miflakes 
in  the  event  of  fome  experiments,  efpecially  thofe  concerning 
ifland  cryftal. 

From  the  whole  he  concludes,  that  there  is  a  certain  fixed 
order  with  refped  to  negative  and  pofitive  eledricity,  in 
which  all  bodies  may  be  placed,  while  other  circumftances  re¬ 
main  the  fame.  Let  A,  B,  C,  D,  E,  be  certain  fubftances,  each 
of  which,  when  rubbed  with  one  which  is  antecedent  to  it,  is 
negative,  but  with  a  fubfequent  pofitive.  In  this  cafe,  the  lefs 
diftance  there  is  between  the  bodies  that  are  rubbed,  the  weaker 
c<zt.  par .  will  be  the  electricity;  wherefore  it  will  be  ftronger 
between  A  and  E,  than  it  will  be  between  A  and  B.  Bleat,  he 
fays,  difpofes  bodies  to  a  negative  eledricity,  but  if  the  diftance 
above-mentioned  be  confiderabie,  it  may  not  be  able  to  overcome , 
though  it  may  weaken  that  eledricity,  as  is  evident  from  the  rib¬ 
bon  of  black  filk.  When  a  glafs  globe  grows  warm  in  whirling, 
we  are  fenfible  that  its  eledric  power  is  diminifhed.  Is  it  not 
owing,  fays  he,  to  this  circumftance,  that  by  heat  it  is  more 
difpofed  to  negative  eledricity,  by  which  means  the  diftance 
above-mentioned  between  the  glafs  and  the  rubber  is  lef- 
fened  *  ? 

Upon  the  fubjed  of  this  fedion,  I  muft  introduce  to  the  ac¬ 
quaintance  of  my  reader  two  eminent  eledricians  wrhofe  difcove- 
ries  will  give  him  the  greateft  fatisfadion;  I  mean  Mr*  Wilcke, 
and  Mr.  TEpinus,  the  former  of  Roftock  in  Lower  Saxony,  and 
the  latter  of  Peterfburgh:  a  circumftance  which  gives  me  an 
occafion  of  congratulating  all  the  lovers  of  the  fciences,  and  par¬ 
ticularly  of  eledricity,  on  the  extenfive  Ipread  of  their  ftudies. 
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What  joy  would  it  have  given  Mr.  Haukfbee,  or  Mr.  Grey,  to 
have  forefeen  that  two  fuch  admirable  treatifes  on  the  fubjeCt  o£ 
electricity,  as  thofe  of  the  perfons  above  mentioned,  would 
come  from  countries  fo  remote  from  the  place  of  its  rife  ! 

Mr.  Wilcke  relates  many  curious  experiments  concerning  the 
generation  of  what  he  calls  fpontaneous  electricity ,  produced  by 
the  liquefaftion  of  eleCtric  fubftances,  which,  compared  with  thofe 
of  Mr.  Canton,  throw  great  light  upon  the  doCtrine  of  pofitive 
and  negative  electricity. 

He  melted  fulphur  in  an  earthen  veflel,  which  he  placed 
upon  conductors  ;  then,  letting  them  cool,  he  took  out  the  ful¬ 
phur,  and  found  it  ftrongly  eleCtrical ;  but  it  was  not  fo  when  it 
had  food  to  cool  upon  eleCtric  fubftances. 

He  melted  fulphur  in  glafs  veflel s,  whereby  they  both  acquir¬ 
ed  a  ftrong  eleClricity  in  the  circumftances  above-mentioned,, 
whether  they  were  placed  upon  electrics  or  not;  but  a  ftronger. 
in  the  former  cafe  than  in  the  latter;  and  they  acquired  a  ftronger 
virtue  Hill,  if  the  glafs  veflel  into  which  they  were  poured  was 
coated  with  metal.  In  thefe  cafes,  the  glafs  was  always  pofitive, 
and  the  fulphur  negative.  It  was  particularly  remarkable,  that 
the  fulphur  acquired  no  eleClricity  till  it  began  to  cool  and  con¬ 
tract,  and  was  the  ftrongeft  when  in  the  ftate  of  greateft  con¬ 
traction ;  whereas  the  eleClricity  of  the  glafs  was,  at  the  fame 
time,  the  weakeft ;  and  was  the  ftrongeft:  of  all  when  the  fulphur 
was  fhaken  out,  before  it  began  to  contract,  and  acquired  any  ne¬ 
gative  electricity. 

Pursuing  thefe  experiments,  he  found  that  melted  fealing- 
wax,  poured  into  glafs,  acquired  a  negative  eleClricity,  but  poured 
into  fulphur  it  acquired  a  pofitive  eleClricity,  and  left  the  fulphur 
negative.  Sulphur  poured  into  baked  wood  became  negative. 
Sealing-wax  aifo  poured  into  wood  was  negative,  and  the  wood 
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confequently  pofitive ;  but  fulphur  poured  into  fulphur,  or  into 
rough  glafs,  acquired  no  eledricity  at  all  *. 

Experiments  fimilar  to  thefe  were  alfo  made  by  Mr.  iEpinus. 
He  poured  melted  fulphur  into  metal  cups,  and  obferved  that 
when  the  fulphur  was  cold,  the  cup  and  the  fulphur  together 
Riowed  no  figns  of  electricity,  but  fhowed  very  ftrong  figns 
of  it  the  moment  they  were  feparated.  The  eledricity  always  dis¬ 
appeared  when  the  fulphur  was  replaced  in  the  cup,  and  revived 
upon  being  taken  out  again.  The  cup  had  acquired  a  negative, 
and  the  fulphur  a  pofitive  eledricity ;  but  if  the  eledricity  of 
either  of  them  had  been  taken  off  while  they  were  feparate,  they 
would  both,  when  united,  fhow  figns  of  that  eledricity  which 
had  not  been  taken  off.  This  eledricity,  he  obferves,  was  only 
on  the  furface  of  the  fulphur  f. 

Mr.  Wilcke  has,  likewife,  recited  feveral  curious  experiments, 
which  he  made  on  the  fridion  of  various  fubftances,  which 
likewife  throw  confiderable  light  on  the  fame  fubjed. 

Sulphur  and  glafs  rubbed  together  produced  a  ftrong  eledri¬ 
city,  pofitive  in  the  glafs,  and  negative  in  the  fulphur. 

Sulphur  and  fealing-wax  being  rubbed  together,  the  wax 
became  pofitive,  and  the  fulphur  negative. 

Wood  rubbed  with  cloth  was  always  negative. 

Wood  rubbed  againft  fmooth  glafs  became  negative,  but  againft 
rough  glafs  pofitive. 

Sulphur  rubbed  againft  metals  was  always  pofitive,  and  this 
was  the  only  cafe  in  which  it  was  fo  ;  but  being  rubbed  againft 
lead  it  became  negative,  and  the  metal  pofitive;  lead  ap¬ 
pearing,  thereby,  to  be  not  fo  good  a  condudor  as  the  other 
metals* 


*  Wilcke,  p.  44,  &c. 
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After  thefe  experiments,  Mr.  Wilcke  gives  the  following 
catalogue  of  the  principal  fubftances  with  which  electrical  expe¬ 
riments  are  made,  in  the  order  in  which  they  are  difpofed  to  ac¬ 
quire  pofitive  or  negative  electricity ;  any  of  the  fubftances 
becoming  pofitively  electrical  when  rubbed  with  any  that  fol¬ 
low  it  in  .the  lift,  and  negative  when  rubbed  with  any  that  pre¬ 
cede  it. 

Smooth  glafs. 

Woollen  cloth. 

Quills. 

Wood. 

Paper. 

Sealing-wax. 

In  all  experiments  made  to  determine  the.  order  of  thefe  fub- 
llances,  Mr.  Wilcke  fays,  that  great  care  is  neceffary,  to  dilf in— 
guifh  original  electricity  from  that  which  is  communicated,  or  the 
confequence  of  friction 

Mr.  Wilcke  fiys  that  fmooth  glafs  is  in  all  cafes  pofitive,, 
and  thence  infers  that  it  attra&s  the  eledtric  fluid  the  moft  of  all 
known  fubftances ;  but  Mr.  Canton  tells  me  he  has  found,  that 
the  fmootheft  glafs  will  acquire  a  negative  electricity  by  being 
drawn  over  the  back  of  a  cat. 

Of  the  fame  nature  with  thefe  experiments  of  Mr.  Wilcke  are 
the  following  of  iEpinus.  He  preffed  dole  together  two  pieces 
of  looking- glafs,  each  containing  fome  fquare  inches;  and  obferv- 
ed,  that  when  they  w~ere  feparated,  and  not  fuffered  to  com¬ 
municate  with  any  condu&or,  they  each  acquired  a  flrong  elec¬ 
tricity,  the  one  pofitive,  and  the  other  negative.  When  they 

/  » 

*  Wilcke,  p,  54,  &c.  f  Ibid.  p.  69. 


White  wax. 
Rough  glafs. 
Lead. 

Sulphur. 

Other  metals  *. 
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were  put  together  again,  the  electricity  of  both  difappeared,  but 
not  if  either  of  them  had  been  deprived  of  their  ele&ricity  when 
they  were  afunder ;  for  in  that  cafe,  the  two  when  united,  had 
the  electricity  of  the  other.  The  fame  experiment,  he  fays, 
may  be  made  with  glafs  and  fulphur,  or  with  any  other  eledrics, 
or  with  any  electric  and  a  piece  of  metal  *. 

*  iEpini  Tent&men,  p.  65* 
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SECTION  IV. 


Mr.  DELAVAL’s  experiments  relating  to  the  two 
electricities,  and  his  controversy  with  Mr.  CAN¬ 
TON  UPON  that  subject. 


MR.  CANTON,  in  the  courfe  of  experiments  related  in 
the  preceding  feCtion,  clearly  proved,  that  the  production 
of  either  of  the  two  electricities  depends  intirely  upon  the  furface 
of  the  excited  eleCtric  with  refpeCt  to  the  rubber,  and  fhowed,  that 
the  very  fame  glafs  tube  would  produce  either  of  them  at  plea- 
fure  ;  yet,  notwithftanding  this  demonftration,  Mr.  Delaval, 
feveral  years  afterwards,  propofed  another  theory  of  the  two 
electricities,  which  feems  to  be  more  ingenious  than  folid;  as  it 
goes  upon  the  old  fuppofition  of  the  different  powers  depend¬ 
ing  intirely  upon  the  different  fubftances  themfelves.  The  ac¬ 
count  of  this  theory  was  read  at  the  Royal  Society,  March  the 
22d,  1759.  It  neceffarily  occafioned  fome  controverfy  with  Mr. 
Canton,  in  the  courfe  of  which  fome  new  experiments  were 
made,  and  fome  new  faCts  difcovered  ;  on  account  of  which  I  fhall, 
with  the  utmoft  impartiality,  report  all  that  was  advanced  on 
both  fides. 

Mk.  Delaval  obferved,  that  there  are  two  of  the  pure 
ehymical  principles  of  bodies,  viz.  earth  and  Julphur ,  which  are 
each  poifeffed  of  a  different  kind  of  electricity;  one  of  which 

we 
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we  might  call  a  plus  eleCtricity,  the  other  a  minus ;  and  thought 
that  it  might  be  expcCted,  that,  in  a  body  compounded  of 
both,  the  oppofite  powers  of  thofe  ingredients  would  counter¬ 
balance,  and  deftroy  the  effeCt  of  each  other  ;  and  therefore, 
that  bodies  in  which  the  negative  and  pofitive  powers  were 
equal,  would  be  neutral,  or  11011-eleCiries.  Such  a  fubftance  he 
took  metal  to  be,  confiftingof  calx  and  fulphur  ;  metals  not  being 
calcinable  without  a  degree  of  heat  fufficient  to  dilfipate  all  their 
fulphur;  as  is  evident  from  their  not  being  reducible  again  to  their 
metallic  form,  without  the  admixture  of  fome  unCtuous  matter. 
The  fame  diffipation  of  fulphur,  he  fays,  muft  take  place  in 
animal  and  vegetable  fubftances,  before  they  become  white  allies. 
Tranfparent  fiones  he  confidered  as  little  more  than  pure  earth, 
free  fi£>m  the  lead  mixture  of  oil;  judging  of  others  by  the 
chymical  refolution  of  cryftal. 

To  confirm  this  theory,  Mr.  Delaval  made  experiments  with 
dry  powders  of  calcined  metals,  viz.  cerufs,  lead  allies,  minium, 
calx  of  antimony,  &c.  inclofing*  them  in  long  glafs  tubes, 
and  endeavouring  to  tranfmit  the  eleCtric  virtue  through  them, 
and  always  finding  it  impofiible.  Animal  and  vegetable  fub- 
fiances,  when  reduced  to  allies,  were  alike  impermeable  to  elec¬ 
tricity,  as  alfo  the  rufi  of  metals* 

H  e  was  firft  led  to  tliefe  experiments,  and  to  this  hypothefis, 
by  finding  that  dry  mould  would  not  conduct  electricity.  This 
he  alfo  tried  with  dry  Portland  fione,  fome  of  which  he  had  cut 
into  plates  nearly  as  thin  as  window  glafs.  Thefe  he  heated  to 
a  proper  degree,  and  coated  them  on  both  fides  with  metal,  in 
order  to  make  the  Leyden  experiment.  When  the  fione  was 
hot  enough  to  finge  paper,  it  conducted  as  perfectly  as  when 
cold  i  but  on  cooling  a  little,  it  began  not  to  conduCt,  and  afford¬ 
ed  Email  Ihocks ;  which  gradually  increafed  in  firength  for 
about  ten  minutes,  at  which  time  it  was  about  its  mofiperfeCl  ftate, 
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and  remained  fo  near  a  quarter  of  an  hour.  After  that  time, 
the  fhocks  gradually  decreafed,  as  the  hone  grew  cooler;  till,  at 
laft,  they  ceafed,  and  the  hone  returned  to  its  conduding  hate 
again,  but  this  hate  appeared  before  the  hone  was  quite  cold. 

Experiments  of  this  kind  fucceeded  with  all  bodies  abound¬ 
ing  with  calx,  or  earth,  as  hones,  earth,  dry  clay,  wood  when 
rotten,  or  burned  in  the  fire  till  the  furface  becomes  black. 
Among  other  fubhances  he  tried  a  common  tobacco-pipe,  part 
of  which,  near  the  middle,  he  heated  to  a  proper  degree,  and 
then  applied  one  end  of  it  to  an  eledrical  bar,  while  the  other  was 
held  in  the  hand  ;  and  he  obferved,  that  the  eledric  fluid  palled  no 
farther  along  the  pipe  than  to  the  heated  part  *. 

From  thefe  experiments  Mr.  Delaval  inferred,  that  flones 
and  other  earthy  fubflances  were  convertible,  by  feveral  methods, 
and  particularly  by  different  degrees  of  heat,  from  non-eledrics  to 
eledrics.  But  finding,  afterwards,  that  it  was  the  opinion  of 
fonre  perfons  (Mr.  Canton  was  the  perfon  chiefly  hinted  at)  that 
this  change  did  not  immediately,  but  only  confequentially  de¬ 
pend  on  heat,  by  evaporating  the  moiflure,  which  would  re¬ 
turn  again  when  the  fubflance  cooled;  he  obfcrves,  in  a  paper 
read  at  the  Royal  Society,  December  the  17th,  1761,  that  the 
tobacco-pipe  loll  its  eledricity  before  it  was  cold,  and  therefore 
before  it  could  have  imbibed  moiflure  fufficient  to  deflroy  its  ele- 
tricity  ;  and  befides,  that  the  fubflance  employed  in  the  expe¬ 
riment  was  not  of  that  kind  of  bodies  which  is  apt  fuddenly  to 
draw  moiflure  from  the  air. 

To  account  for  Mr.  Delaval’s  experiments,  Mr.  Canton  fup- 
pofes,  in  a  paper  read  to  the  Royal  Society,  February  4th,  1762, 
that  flone,  tobacco-pipe,  wood,  &c.  will  condud  when  cold  by 
the  moiflure  they  contain  in  that  flate  ;  that  when  their  moiflure 
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is  evaporated  by  heat  they  become  non-condudors ;  and  that  when 
they  ar£  made  very  hot,  the  hot  air  at,  or  near  their  furfaces  will 
condud,  and  the  bodies  will  appear  to  be  condudors  again. 
Hot  air,  he  fays,  may  eafily  be  proved  to  be  a  condudor  of  elec¬ 
tricity,  by  bringing  a  red-hot  iron  poker,  but  for  a  moment, 
within  three  or  four  inches  of  a  fmall  eledrified  body ;  when  it 
would  be  perceived,  that  its  eledric  power  would  be  almoft,  if 
not  intirely  deftroyed;  and  by  bringing  excited  amber  within  an 
inch  of  the  flame  of  a  candle,  when  it  would  lofe  its  eledricity 
before  it  had  acquired  any  fenfible  degree  of  heat. 

To  confirm  this,  he  mentions  his  having  obferved,  that  the 
tourmalin,  Brafil  topaz,  and  Brafil  emerald,  would  give  much  . 
ftronger  figns  of  eledricity  when  cooling,  after  they  had  been 
held  about  a  minute  within  two  inches  of  an  almoft  furround- 
ing  fire,  where  the  air  is  a  condudor,  than  they  ever  will  after 
heating  them  in  boiling  water.  He  adds,  that  if  both  fides  of 
thofe  ftones  be  equally  heated,  in  a  lefs  degree  than  will  make 
the  furrounding  air  a  condudor,  the  eledricity  of  each  fide,  whe¬ 
ther  plus  or  minus ,  would  continue  fo  all  the  time  the  flone  was 
both  heating  and  cooling,  but  would  increafe  while  it  was  heat¬ 
ing,  and  decreafe  while  it  was  cooling;  whereas,  if  the  heat 
was  fufiicient  to  make  the  furrounding  air  condud  the  eledric 
fluid  from  the  pofitive  fide  of  the  flone  to  the  negative  fide  of  it, 
while  it  was  heating,  the  eledricity  of  each  fide  would  increafe 
while  the  flone  was  cooling,  and  be  contrary  to  what  it  was  while 
the  flone  was  heating. 

As  to  the  tobacco-pipe,  Mr.  Canton  fays,  that  it  not  only  at- 
trads  the  moiflure  of  the  air,  but  abforbs  it.  Hence  a  to¬ 
bacco-pipe,  after  it  begins  to  cool,  will  become  a  condudor  again 
fooner  than  wood.  And  that  it  imbibes  moiflure  fafler  than  wood, 
he  fays,  is  evident,  becaufe  when  wetted,  it  will  not  continue  wet 
fo  long  as  wood,  imbibing  the  moiflure  prefently. 
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That  tobacco  pipe  docs  not  become  a  conductor  by  a  par¬ 
ticular  degree  of  heat,  without  evaporating  its  moifture,  is  evi¬ 
dent,  he  fays,  from  the  following  experiments. 

If  three  or  four  inches  of  one  end  of  a  tobacco-pipe,  of  more 
than  a  foot  in  length,  be  made  red-hot,  without  fenfibly  heating; 
the  other  end,  this  pipe  will  prove  a  ready  conductor,  through 
the  hot  air  furrounding  one  part  of  it,  and  the  moifture  contain¬ 
ed  in  the  other;  although  fome  part  of  it  mult  have  the  degree  of 
heat  of  a  non-conduCtor.  But  if  the  whole  pipe  be  made  red- 
hot,  and  buffered  to  cool  till  it  has  only  fuperficial  moifture 
enough  to  make  it  a  good  conductor,  and  then  three  or  four  inches 
of  one  end  be  again  made  hot,  it  will  become  a  non-conduClor. 

If  a  nail  be  placed  at,  or  near  each  end  of  a  longifh  folid  piece 
of  any  of  the  abforbent  bodies  above-mentioned,  fo  as  the 
point  of  each  nail  may  be  about  half  the  thicknefs  of  the  body 
within  its  furface;  this  body,  by  heat,  may  be  made  a  non¬ 
conductor  externally  or  fuperficially,  while  it  remains  a  good 
conductor  internally.  For  the  eleCtric  fluid  will  readily  pafs  from 
one  nail  to  the  other,  through  the  middle  of  the  body,  when  it 
will  not  pafs  on  its  furface,  and  even  when  the  internal  parts  of 
the  body  are  in  an  equal  degree  of  heat  with  the  external,  as 
they  mult  foon  be  after  it  begins  to  cool.  But  if  the  fame  body 
be  expofed,  for  a  fhort  time,  to  a  greater  degree  of  heat  than  be¬ 
fore,  or  if  it  be  kept  longer  in  the  fame  heat,  it  will  become  a 
non-conduCtor  intirely 

Mr.  Del  aval,  in  confirmation  of  particular  bodies  requiring 
particular  degrees  of  heat  to  render  them  eledric  or  non-eleCtric, 
independent  of  moifture,  mentions  a  fubftance  which,  he  fays, 
is  affeCted  by  heat  in  an  oppofite  manner  to  the  former  inftances; 

*  Phil.  Tranf,  Vol.  lii,  pt,  ii.  p.  459; 
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fince  the  degrees  of  heat,  neceffary  to  render  the  other  fubflances 
eledric,  makes  this  non-eledric. 

The  fubflance  was  ijland  cryjlal  (which  is  well  known  for 
its  fingular  property  of  a  double  refradion)  on  a  piece  of 
which  he  made  the  following  obfervations.  1.  After  this  piece 
of  cryflal  had  been  rubbed,  when  the  heat  of  the  air  was  mo¬ 
derate,  it  fhowed  figns  of  eledricity,  though  not  very  flrong 
ones.  2.  If  the  heat  was  increafed,  fo  as  to  be  a  little  greater 
than  that  of  the  hand,  it  deflroyed  its  eledric  power  intirely. 
3.  By  cooling  the  flone  again,  the  eledric  power  was  reflored. 

He  immerfed  this  piece  of  cryflal  into  a  veffel  filled  with 
quickfilver,  and  furrounded  with  ice,  where  it  remained  near  two 
hours,  when  the  weather  was  very  cold;  and  obferved,  that, 
upon  taking  it  out  with  a  pair  of  tongs  (that  it  might  not  be  al¬ 
tered  by  the  heat  of  his  hands)  and  rubbing  it  again,  it  was 
more  flrongly  eledric  than  he  had  at  any  other  time  experienced  ; 
but  that,  on  placing  it  a  few  minutes  upon  the  hearth,  at  fome 
diflance  from  the  fire,  its  eledric  property  was  again  defiroy- 
ed,  for  that  rubbing  would  not  occafion  any  figns  of  it. 

Thus,  fays  he,  we  fee  two  different  kinds  of  fixed  bodies,  the 
one  of  which  acquires  an  eledric  property  with  the  fame  heat 
with  which  another  lofes  it ;  while  a  third  fet  of  fubflances,  as 
glafs,  &c.  retain  their  eledricity  through  both  the  degrees  of 
heat  neceffary  to  the  other  two. 

Some  pieces  of  ifland  cryfial,  which  he  had  procured  from 
different  places,  had  not  the  property  of  lofing  their  eledricity 
by  a  moderate  heat.  He  had,  in  particular,  a  piece  of  that 
cryflal,  one  part  of  which,  when  greatly  heated,  became  non- 
eledric,  while  the  other  part,  with  the  fame  heat,  or  even  with 
a  much  greater  one,  remained  perfedly  eledric. 

He  found  feveral  other  earthy  fubflances,  whofe  eledricity  was 
deflroyed  by  different  degrees  of  heat. 
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From  confidering  that  the  degree  of  heat,  at  which  the  ifland 
cryftal  firft  mentioned  was  in  its  moft  perfect  eledtric  ftate,  was 
lefs  than  the  ufual  heat  of  the  air,  and  that  a  fmall  increafe  of 
that  heat  rendered  it  non-eledlric  ;  he  did  not  think  it  im¬ 
probable,  that  many  fubftances,  which  are  not  known  to  be 
eledtric,  might  prove  fo,  if  expofed  to  a  greater  degree  of  cold 
than  they  have  been  hitherto  examined  in 

To  thefe  obfervations  Mr.  Canton  replies,  that  having  former¬ 
ly  obferved  that  the  fridtion  between  mercury  and  glafs  in 
vacuo  would  not  only  produce  the  light  of  eledtricity,.  as  in 
the  luminous  barometer,  or  within  an  evacuated  glafs  ball, 
.but  would  alfo  eledtrify  the  glafs  on  the  outfide,  he  immerged  a 
piece  of  dry  glafs  in  a  bafon  of  mercury;  and  found,  that 
by  taking  it  out,  the  mercury  was  eledtrified  minus ,  and  the 
glafs  plus)  to  a  confiderable  degree.  He  alfo  found,  that 
amber,  fealing-wax,  and  ifland  cryftal,  when  taken  out  of 
mercury,  were  all  eledlrified  pofitively.  How  then,,  fays 
he,  does  it  appear,  that  the  eledtricity  which  was  obferved  in 
rubbing  the  laft  mentioned  fubftance,  after  it  was  taken  out 
of  mercury  furrounded  by  ice,  was  owing  to  cold,  and  not 
to  the  fridtion  between  it  and  the  mercury  in  taking  it  out. 
Ifland  cryftal  when  warm  is  a  non-condudtor,  and  all  non-con- 
dudtors  may  be  excited  with  proper  rubbers  'j'. 

Mr.  Bergman  of  Upfal,  in  a  letter  to  Mr.  Wilfon,  read  at 
the  Royal  Society,  April  the  14th,  1761,  fays,  that  he  had  tried 
the  experiments  of  Mr.  Delaval  with  ifland  cryftal,  but  that  the 
event  had  always  been  contrary  to  what  Mr.  Delaval  had  re¬ 
ported  Trying  different  pieces  of  cryftal,  he  found  one  which 
inftead  of  having  its  virtue  increafed  by  cooling,  was  fenfibly 
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increafed  by  heating.  Afterwards  trying  all  the  reft  which  he 
had  by  him,  whether  Swedilh  cryftal,  or  ifland,  he  found 
the  effed  to  be  the  fame.  From  this  he  inferred,  that  the 
cryftal s  which  he  had  were  of  a  quite  different  kind  from 
that  of  Mr.  Delaval  *. 
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Mr.  CANTON’s  EXPERIMENTS  AND  DISCOVERIES  RELATING 
TO  BODIES  IMMERGED  IN  ELECTRIC  ATMOSPHERES}  WITH 
THE  DISCOVERIES  OF  OTHERS,  MADE  BY  PURSUING  THEM. 


IN  this  fedion  I  fhall  prefent  my  reader  with  the  fineft  feries 
of  experiments  that  the  whole  hiftory  of  eledricity  can  ex¬ 
hibit,  and  in  which  we  fhall  fee  difplayed  the  genius  and  addrefa 
of  four  of  the  moft  eminent  eledricians  in  this  whole  period ; 
viz.  Mr.  Canton  and  Dr.  Franklin,  Englilhmen;  and  Meffrs. 
Wilcke  and  .ZEpinus,  foreigners.  Mr.  Canton  had  the  honour  to 
take  the  lead,  and  he  made  all  the  effential  experiments.  Dodor 
Franklin  profeifedly  purfued  them  ;  and  though  all  his  Jlre?igth 
he  pat  not  forth  on  this  occafion,  he  diverfified  the  experiments, 
and  made  fome  improvement  in  the  method  of  accounting  for 
them.  But  Meffrs.  Wilcke  and  iEpinus  in  conjundion  carried 
the  experiments  vaftly  farther,  and  completed  the  difcovery  *, 
which  is,  certainly,  one  of  the  greateft  that  has  been  made  fince 
the  time  of  Dr.  Franklin.  I  fay  the  time  of  Dr.  Franklin,  though 
he  himfelf  be  one  of  the  perfons  concerned;  for  by  the  time  of  Dr. 
Franklin  will  always  be  underftood  the  time  in  which  he  made 
his  capital  difcoveries  in  America.  This  will  always  be  a  diftin- 
guifhed  epocha  in  the  hiftory  of  eledricity,  from  which  all  his 
own  future  difcoveries  will  be  dated. 
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The  original  experiments  in  this  feClion,  when  Mr.  Canton 
firft  publifhed  them,  in  his  ufual  concife,  though  perfpicuous 
manner,  without  any  preamble,  to  inform  us  how  he  was  led  to 
them,  exhibit  fuch  a  variety  of  attractions  and  repulfions  of  elec¬ 
trified  bodies  in  different  circumftances,  as  looked  like  the  power 
of  magic  ;  and  were  they  conduced  with  a  little  art,  I  do  not 
know  any  eleCtrical  experiments  (made  without  light,  or  noife) 
more  proper  for  a  deception  of  this  kind.  But  when  they 
are  attentively  confidered,  they  demonftrate  a  remarkable  pro¬ 
perty  of  all  electrified  bodies,  which  has  often  been  referred  to 
in  the  courfe  of  this  hiflory,  but  which  had  not  been  attended  to 
before;  nor  indeed  do  I  apprehend  that  it  was  fully  underftood, 
till  it  was  explained  in  all  its  extent  by  Mr.  Wilcke  and  iEpinus. 
It  is,  that  the  eleCtric  fluid,  when  there  is  a  redundancy  of  it  in 
any  body,  repels  the  eleCtric  fluid,  in  any  other  body,  when 
they  are  brought  within  the  fphere  of  each  other’s  influence,  and 
drives  it  into  the  remote  parts  of  the  body ;  or  quite  out  of  it,  if 
there  be  any  outlet  for  that  purpofe.  In  other  words,  bodies 
immerged  in  eleCtric  atmofpheres  always  become  pofleffed  of  the 
electricity,  contrary  to  that  of  the  body,  in  whofe  atmofphere  they 
are  immerged.  This  principle  purfued  led  them  to  the  method 
of  charging  a  plate  of  air,  like  a  plate  of  glafs,  and  to  make 
the  moft  perfect  imitation  of  the  phenomena  of  thunder  and 
lightning. 

The  paper,  containing  an  account  of  Mr.  Canton’s  experi¬ 
ments,  was  read  at  the  Royal  Society,  December  the  6th,  1753. 

Mr.  Canton  fufpended  cork  balls,  one  pair  by  linen  threads, 
and  another  pair  by  filk;  then  holding  the  excited  tube  at  a 
confiderable  diftance  from  the  balls  with  the  linen  thread,  they 
feparated  ;  and,  upon  drawing  it  away,  they  immediately  came 
together :  but  he  was  obliged  to  bring  the  excited  tube  much 
nearer  to  the  balls  hanging  by  filk  threads,  before  they  would 
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feparate ;  though  when  the  tube  was  withdrawn,  they  continu¬ 
ed  feparate  for  fome  time. 

As  the  balls  in  the  former  of  thefe  experiments  were  not  in- 
fulated,  Mr.  Canton  obferves,  that  they  could  not  properly  be 
faid  to  be  eledrified ;  but  that  when  they  hung  within  the  at- 
mofphere  of  the  excited  tube,  they  might  attrad  and  condenfe 
the  eledric  fluid  round  about  them,  and  be  feparated  by  the 
repulfion  of  its  particles.  He  conjedures  alfo,  that  the  balls, 
at  this  time,  contain  lefs  than  their  common  fhare  of  the  eledric 
fluid,  on  account  of  the  repelling  power  of  that  which  fur- 
rounds  them,  though  fome  may  be  continually  entering  and 
pafling  through  the  threads.  And  if  that  be  the  cafe,  he  fays, 
the  reafon  is  plain  why  the  balls  hung  by  filk  in  the  fecond 
experiment  mud  be  in  a  much  more  denfe  part  of  the  atmo*- 
fphere  of  the  tube  before  they  will  repel  each  other.  He  adds, 
that  at  the  approach  of  an  excited  flick  of  wax  to  the  balls,  in  the 
firfl:  experiment,  the  eledric  fire  is  fuppofed  to  come  through 
the  threads  into  the  balls,  and  to  be  condenfcd  there,  in  its  paflage 
towards  the  wax  ;  fince,  according  to  Dr.  Franklin,  excited  glafs 
emits  the  eledric  fluid,  and  excited  wax  receives  it. 

When  two  balls,  fufpended  by  linen  threads  upon  an  infulated 
tin  tube,  were  electrified  pofitively,  and  had  feparated ;  he  ob- 
ferved,  that  the  approach  of  the  excited  tube  would  make  them 
come  nearer  together ;  if  brought  to  a  certain  diflance,  they 
would  touch ;  and  if  brought  nearer,  they  would  feparate  again. 

In  the  return  of  the  tube,  they  would  approach  each  other, 
till  they  touched,  and  then  repel  as  at  firft.  If  the  tin  tube  was 
eledrified  by  wax,  or  the  wire  of  a  charged  phial ;  the  balls 
would  be  affeded  in  the  fame  manner  at  the  approach  of  excit¬ 
ed  wax,  or  the  wire  of  the  phial.  If  the  cork  balls  were  elec¬ 
trified  by  glafs,  their  replufion  would  be  increafed  at  the  approach 
of  an  excited  flick  of  wax.  And  the  effed  would  be  the  fame,  if 
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the  excited  glafs  was  brought  towards  them,  when  they  had 
been  electrified  by  wax. 

The  bringing  the  excited  glafs  to  the  end,  or  edge  of  the  tin 
tube,  in  the  former  of  thefe  experiments,  is  by  Mr.  Canton  flip- 
pofed  to  ele&rify  it  pofitively,  or  to  add  to  the  eledric  fire  it  be¬ 
fore  contained ;  and  therefore  fome  will  be  running  off  through 
the  balls,  and  they  will  repel  each  other.  But  at  the  approach 
of  excited  glafs,  which  likewife  emits  the  eledric  fluid,  the  dif- 
charge  of  it  from  the  balls  will  be  diminifhed,  or  part  will  he 
driven  back,  by  a  force  ading  in  a  contrary  diredion,  and  they 
will  come  nearer  together.  If  the  tube  be  held  at  fuch  adiflance 
from  the  balls,  that  the  excefs  of  the  denfity  of  the  fluid  round 
about  them  above  the  common  quantity  in  air,  be  equal  to  the 
excefs  of  the  denfity  of  that  within  them  above  the  common 
quantity  contained  in  cork,  their  repulflon  will  be  quite  deftroy- 
ed.  But  if  the  tube  be  brought  nearer,  the  fluid  without  being 
more  denfe  than  that  within  the  balls,  it  will  be  attraded  by 
them,  and  they  will  recede  from  each  other  again. 

Mr.  C  anton  farther  obferves,  that  when  the  apparatus  has 
loft  part  of  its  natural  ftore  of  this  fluid,  by  the  approach  of  ex¬ 
cited  wax  to  one  end  of  it,  or  is  eledrified  negatively,  the  eledric 
fire  is  attraded  and  imbibed  by  the  balls,  to  fupply  the  defi¬ 
ciency  ;  and  that  more  plentifully  at  the  approach  of  excited 
glafs,  or  a  body  pofitively  eledrified,  than  before ;  whence  the 
diftance  between  the  balls  will  be  increafed,  as  the  fluid  furround¬ 
ing  them  is  augmented.  And,  in  general,  whether  by  the 
approach  or  recefs  of  any  body,  if  the  difference  between  the 
denfity  of  the  internal  and  external  fluid  be  increafed,  or  dimi¬ 
nifhed  ;  the  repulflon  of  the  balls  will  be  increafed,  or  diminifhed 
accordingly. 

He  obferved,  that  when  the  infulated  tin  tube  was  not  eledri¬ 
fied,  if  the  excited  glafs  was  brought  towards  the  middle  of  it, 
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the  balls  hanging  at  the  end  would  repel  each  other,  and  the 
more  fo  as  the  excited  tube  was  brought  nearer.  When  it  had 
been  held  a  few  feconds,  at  the  diftance  of  about  fix  inches, 
and  withdrawn,  the  balls  would  approach  each  other  till  they 
touched;  and,  feparating  again,  as  the  tube  was  removed  farther, 
would  continue  to  repel  when  the  tube  was  taken  quite  away. 
This  laft  repulfion  would  be  increafed  by  the  approach  of  excit¬ 
ed  glafs,  and  diminifhed  by  that  of  excited  wax ;  juft  as  if  the 
apparatus  had  been  electrified  by  wax,  after  the  manner  deferr¬ 
ed  in  the  laft  experiment. 

He  infulated  two  tin  tubes,  which  may  be  diftinguifhed  by 
calling  them  A  and  B,  fo  as  to  be  in  a  line  with  each  other,  and 
half  an  inch  afunder,  and  at  the  remote  end  of  each  fufpended" 
a  pair  of  cork  balls.  Then,  upon  bringing  the  excited  glafs 
tube  towards  the  middle  of  A,  and  holding  it  a  fhort  time  at 
the  diftance  of  a  few  inches,  he  obferved  each  pair  of  balls  to  fe- 
parate.  Upon  withdrawing  the  tube,  the  balls  of  A  would  come 
together,  and  then  repel  each  other  again,  but  thofe  of  B  would 
hartdy  be  affeded.  By  the  approach  of  excited  glafs  the  re— 
pulfion  of  the  balls  of  A  would  be  increafed,  and  thofe  of  B 
diminifhed 

In  the  former  of  thefe  experiments,  Mr.  Canton  fuppofes 
the  common  ftock  of  eledric  matter  in  the  tin  tube  to  be  attenuat¬ 
ed  about  the  middle,  and  to  be  condenfed  at  the  ends,  by  the  re¬ 
pelling  power  of  the  atmofphere  of  the  excited  glafs  tube,  when 
held  near  it.  And  perhaps,  he  fays,  the  tin  tube  may  lofe  fome 
of  its  natural  quantity  of  the  eledric  fluid  before  it  receives  any 
from  the  glafs,  as  that  fluid  will  more  readily  run  oft  from  the 
ends  or  edges  of  it  than  enter  at  the  middle ;  and  accordingly, 
'  when  the  glafs  tube  is  withdrawn,  and  the  fluid  is  again  equally 
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diffufed  through  the  apparatus,  it  is  found  to  be  eledtrihed  ne¬ 
gatively;  fl  nee  excited  glafs  brought  under  the  balls  will  increafe 
their  repulfion. 

In  the  latter  of  the  experiments,  Mr.  Canton  fuppofes  that  part 
of  the  fluid  driven  out  of  one  tin  tube  enters  the  other,  which 
is  found  to  be  eledrified  politively,  by  the  decreaiing  of  the  re- 
pul  lion  of  its  balls  at  the  approach  of  excited  glafs. 

It  will  readily  be  feen  that,  at  the  time  thefe  experiments 
were  made,  Mr.  Canton  retained  the  common  idea  of  eledric 
atmofpheres ;  whereas  it  will  appear  by  the  experiments  of  Mefirs. 
Wilcke  and  JEpinus  (which  in  fad  contain  nothing  more  than 
thofe  of  Mr.  Canton)  that  they  tend  to  refute  the  common  opinion, 
and  are  much  eafier  explained  upon  the  fuppolition,  that  the  por¬ 
tion  of  fluid  belonging  to  any  eled rifled  body  is  conftantly  held 
in  contad,  or  very  nearly  in  contad,  with  the  body;  but  ads  up¬ 
on  the  eledricity  of  other  bodies  at  a  certain  diftance. 

Dr.  F  .ran klin  purfued,  or  rather  diverflfied  the  experiments 
of  Mr.  Canton,  but  retaining,  likewife,  the  common  opinion 
of  eledric  atmofpheres,  bethought  that  the  phenomena  were  more 
eafily  explained  upon  the  fuppofition,  that  thefe  atmofpheres, 
being  brought  near  each  other,  did  not  eafily  mix,  and  unite 
into  one  atmofphere,  but  remained  feparate,  and  repelled  each 
ether  ;  and  moreover,  that  an  eledric  atmofphere,  would  net 
only  repel  another  eledric  atmofphere,  but  alfo  the  eledric  fluid 
contained  in  the  fubftance  of  a  body  approaching  it,  and,  without 
joining  or  mixing  with  it,  force  it  into  the  other  parts  of  the  body 
that  contained  it. 

I  hough  it  mull  be  difficult  to  affign  a  reafon  why  the  particles 
of  one  atmofphere  fliould  repel  the  particles  of  another  atmo¬ 
fphere,  or  of  the  fluid  contained  in  another  body  with  more  force 
than  they  repel  one  another,  or  the  particles  of  the  fluid  contain¬ 
ed  in  the  body  to  which  they  belong,  flnee  the  matter  is  the 
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fame  in  both ;  yet  this  idea  of  the  mutual  repulfion  of  eledric 
atmofpheres,  could  it  once  be  fuppofed,  will  certainly  and  clearly 
account  for  all  the  fads ;  and  the  theory  pleafes  on  account 
of  its  fimplicity.  But  the  fame  appearances  will  be  accounted 
for,  in  a  manner  as  fimple  and  intelligible,  upon  the  fuppofi- 
tion,  that  the  portion  of  eledric  fluid  belonging  to  each  body, 
being  ftrongly  attraded  by  the  body,  is  held  in  clofe  contad  with 
it ;  but  that  it  ads  by  repullion  upon  the  eledric  fluid  belonging 
to  other  bodies,  at  a  diftance  from  them  ;  and  that  the  eledric 
fluid  doth  not  adually  pals  out  of  one  body  into  another,  till  it 
have  f  rft  repelled  the  fluid  out  of  the  other  body,  and  then  be 
more  ftrongly  attraded  by  the  other  body,  than  by  its  own ;  which 
has  already  got  more  than  its  natural  fhare. 

The  paper  containing  an  account  of  thefe  experiments  of  Dr. 
Franklin  was  read  at  the  Royal  Society,  December  the  1 8th, 
17 55.  His  apparatus  was  different  from  that  of  Mr.  Canton, 
but  ftill  he  exhibited  the  fame  effeds  proceeding  from  the  fame 
caufe.  He  fixed  a  taflel  of  fifteen  or  twenty  threads,  each  three 
inches  long,  at  one  end  of  his  prime  conductor,  which  was  five 
feet  long  and  four  inches  in  diameter,  fupported  by  filk  lines. 
The  threads  were  a  little  damp,  but  not  wet. 

In  thefe  circumftances,  an  excited  tube  brought  near  the  end 
of  the  prime  condudor,  oppoftte  to  the  threads,  fo  as  to  give 
it  fome  fparks,  made  the  threads  diverge,  each  thread  having 
thereby  acquired  its  feparate  eledric  atmofphere. 

In  this  (late,  the  approach  of  the  excited  tube,  without  giving 
any  fparks,  made  the  threads  diverge  more ;  but,  being  with¬ 
drawn,  they  clofed  as  much;  the  atmofphere  of  the  condudor 
being  driven  by  that  of  the  tube  into  the  threads,  and  returning 
again  upon  withdrawing  the  tube,  which  had  then  left  no  part  of 
its  atmofphere  behind  it. 
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The  excited  tube  brought  under  the  diverging  threads  made 
them  clofe  a  little,  having  driven  part  of  their  atmofpheres  into 
the  conduClor.  Upon  being  withdrawn,  they  diverged  as  much; 
that  portion  of  their  atmofpheres  which  they  had  loft  returning 
again  from  the  conductor,  and  the  tube  having  left  no  part  of  its 
own. 

The  excited  tube,  held  at  the  diftance  of  five  or  fix  inches 
from  the  end  of  the  conductor  oppolite  to  the  threads,  made  them 
feparate,  and,  upon  being  withdrawn,  they  came  together  again  : 
but  if,  in  their  ftate  of  feparation,  a  fpark  was  taken  from  the 
conductor  near  them,  they  would  clofe;  and,  upon  removing  the 
tube,  would  feparate.  The  tube,  in  both  cafes,  left  no  part  of 
its  atmofphere  behind  it.  It  only  drove  the  natural  quantity  of 
electricity  contained  in  the  conductor  towards  the  threads  ;  and 
part  of  that  being  taken  away  by  the  fpark,  the.  tube  would 
leave  the  conductor  and  threads  negative,  in  which  cafe,  they 
would  repel  one  another,  as  if  they  had  been  electrified  pofitively. 

In  this  fituation,  if  the  excited  tube  was  brought  near  the 
conductor,  they  would  clofe  again  ;  the  atmofphere  of  the  tube 
forcing  that  of  the  conductor  into  the  threads,  to  fupply  the  place 
of  what  they  had  loft  :  but,  upon  withdrawing  the  tube,  they 
would  open  again ;  the  tube,  as  before,  taking  its  whole  atmo¬ 
fphere  away  with  it.  When  the  excited  tube  was  brought  under 
the  threads,  diverging  with  negative  electricity,  they  diverged 
more;  the  atmofphere  of  the  tube  driving  away  more  of  the 
atmofpheres  of  the  threads,  and  giving  them  none  in  its  place. 

Lastly  the  DoCtor  brought  the  excited  tube  near  the  prime 
conductor,  when  it  was  not  electrified ;  and  when  the  threads 
were,  thereby,  made  to  diverge,  he  brought  his  finger  near 
them,  and  obferved,  that  they  receded  from  it.  This  appearance 
had  been  taken  notice  of  by  Mr.  Haukfbee,  and  others.  Dr.  Frank¬ 
lin  accounts  for  it  by  fuppofing,  that  when  his  finger  was  plung¬ 
ed 
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ed  into  the  atmofphere  of  the  glafs  tube,  part  of  its  natural  elec¬ 
tricity  was  driven  back,  through  his  hand  and  body,  fo  as  to  leave 
the  finger  negatively  electrified,  as  well  as  the  threads;  in  which 
cafe  they  lnuft  neceflarily  repel  one  another.  To  confirm  this 
hypothelis,  he  held  a  flender  lock  of  cotton,  two  or  three  inches 
long,  near  the  prime  conductor,  electrified  by  excited  glafs, 
which  made  the  cotton  flretch  itfelf  towards  the  conductor;  and 
obferved,  that,  in  this  date,  it  would  recede  from  the  finger  of 
his  other  hand,  at  the  fame  time  that  it  wras  attracted  by  a  wire 
of  a  bottle  charged  positively*. 

These  experiments  of  Dr.  Franklin,  made  in  purfuance  of 
thole  of  Mr.  Canton,  were  confirmed,  as  I  obferved  before,  and 
carried  much  farther  by  Meflrs.  Wilcke  and  iEpinus. 

Mr.  Wilcke  obferves,  that  a  fmall  body  immerged  in  any 
eleCtric  atmofphere,  if  it  be  touched  by  no  other  body,  and  be 
withdrawn  before  it  be  repelled,  fcarce  ever  Shows  any  fign  of 
electricity ;  if  any,  it  is  of  the  fame  kind  with  that  of  the  body 
into  whofe  atmofphere  it  was  plunged  -f .  If  any  body,  commu¬ 
nicating  with  the  ground,  be  brought  to  this  light  body,  while 
it  remains  immerged  in  the  atmofphere  of  the  electrified  body,  it 
is  firlt  attracted,  and  then  repelled  by  it.  If  a  point  be  prefented 
to  this  light  body,  and  afterwards  withdrawn,  it  will  be  found  to 
have  acquired  an  electricity  oppolite  to  that  of  the  electrified 
body.  From  this  he  concludes,  that  parts  of  non-eleCtric  bodies, 
plunged  in  eleCtric  atmofpheres,  acquire  an  eleClricity  oppolite  to 
that  of  the  atmofphere  in  which  they  are  plunged  J. 

.He  placed  two  large  infulated  conductors  with  their  ends  op- 
pofite  to  one  another,  and  a  cork  ball  fufpended  on  filk  between 
them ;  and  older ved,  that,  upon  the  application  of  the  excited 
glafs  tube  to  one  end  of  either  of  them,  the  cork  ball  would 

*  Phil.  Tranf.  Vol.  xlix.  pt.  i.  p.  3co.  f  Wilcke,  p.  73.  j  Ibid.  p.  77. 
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play  between  them  very  faft;  and  if  the  tube  were  held  a  while 
at  the  fame  diftance,  would  be  at  reft.  Upon  withdrawing 
the  tube,  the  motion  of  the  cork  ball  began  again,  and,  at 
length,  ceafed  gradually  as  before.  If  the  conductors  were 
removed  from  one  another,  while  they  were  within  the  atmofphere 
of  the  tube,  they  would,  upon  being  brought  together  again, 
give  a  fpark.  This  experiment  confirmed  the  demonftration, 
that  the  part  of  a  body  which  is  immerged  in  the  atmofphere  of 
an  electrified  body  acquires  the  contrary  electricity  *. 

But  the  moft  complete  demonftration  of  this  general  maxim 
is  an  experiment  of  Mr.  iEpinus.  He  placed  a  fmall  weight  upon 
one  end  of  a  large  metallic  conductor,  and,  by  means  of  a  filk 
firing,  removed  it  from  the  conductor,  while  the  end  on  which 
it  refted  was  immerged  in  the  atmofphere  of  an  electrified  body; 
and  found  that  it  had  actually  acquired  a  different  eleCtricitv 
from  that  of  the  atmofphere.  If  the  end  of  the  condu&or,  op- 
pofite  to  that  on  which  the  moveable  weight  was  placed,  was  made 
to  communicate  with  the  earth,  ftill  that  part  of  it  which  was 
near  the  excited  eleCtric  was  affeCted  with  the  oppofite  electricity. 
Placing  the  moveable  weight  on  the  oppofite  end  of  the  conductor, 
when  it  was  infulated,  he  found  that  it  had  fometimes  acquired  an 
electricity  contrary  to  that  of  the  excited  eledric,  fometimes  the 
fame  electricity,  though  weak,  and  fometimes  no  electricity 
at  all 

The  fame  ingenious  philofopher  confidered  that  the  fame 
principle  muft  extend  to  glafs,  and  all  other  eleCirics;  fince 
they,  as  well  as  conductors,  contain  a  certain  quantity  of  the 
eleCtric  fluid,  in  their  natural  ftate.  To  verify  this,  he  took  a 
glafs  tube,  and  eledrified  one  end  of  it  pofitively.  The  confe- 
quence  was,  that  four  or  five  inches  of  that  end  were  pofitive  ; 

*  Vilcke,  p.  78.  f  iEpini  Tentamen,  p.  129. 


but 


Part  I. 


2  i  o  WILCKE  and  1PINUS  ON 

but  beyond  that  there  were  two  inches  negative  ;  and  beyond  that 
the  tube  was  again  pohtive,  though  weakly  lb.  This  experi- 
~ment  he  repeated  very  often  with  the  fame  fuccefs ;  as  alfo  when, 
inftead  of  glafs,  he  ufed  a  folid  flick  of  fulphur.  To  account  for 
this  fa£t,  he  fuppofed,  that  the  electricity  communicated  to  the 
end  of  the  tube  repelled  the  natural  oAuantity  of  the  fluid  in  the 
glafs  to  lome  diftance.  This  natural  quantity  retiring  from  its 
former  fituation,  he  fuppofes  to  become  condenfed,  and  confe- 
quently  to  repel  another  quantity  of  the  fluid  natural  to  the  glafs 
from  its  place;  and  that  thus  the  whole  rod  would  be  alternate¬ 
ly  pofitive  and  negative.  The  author  aflerts,  that  it  was  trom 
theory  only  that  he  was  led  to  this  curious  experiment,  the  fad 
exadly  correfponding  to  what  he  had  before  deduced,  as  the 
neceffary  confequence  of  Dr.  Franklin’s  principles  of  negative 
and  pofitive  electricity  *. 

The  hint  of  thefe  experiments  Mr.iEpinus  received  from  thofe 
above  mentioned  of  Mr.  Wilcke;  and  thefe  gentlemen,  refiding 
at  the  fame  time  at  Berlin,  purlued  thefe  curious  experiments 
jointly,  till  they  were  led  by  them  todifcover  a  method  of  charg¬ 
ing  a  plate  of  air  in  the  fame  manner  as  plates  of  glafs  had 
ulually  been  charged,  and  to  throw  flill  more  light  upon  the 
theory  of  the  famous  Leyden  experiment. 

In  the  above  mentioned  experiments,  thefe  gentlemen  obferved, 
that  the  negative  ftate  of  one  of  the  bodies  depended  on  the  op- 
pofite  ftate  of  the  other,  which  was  known  to  be  exadly  the 
cafe  of  the  two  hides  of  a  charged  pane  of  glafs ;  and  the  reafon  of 
the  noncommunication  of  the  fame  electricity  was  evidently 
the  impermeability  of  the  glafs  to  the  cleCtric  fluid  in  the  one 
cafe,  and  the  impermeability  of  the  air  in  the  other.  Upon  this 
hint  they  made  feveral  attempts  to  give  the  eleCtric  fhock  by 

*  iEpini  Tentamen,  p.  192. 
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means  of  air;  and  at  length  fucceeded,  by  fufpending  large 
boards  of  wood  covered  with  tin,  with  the  flat  fides  parallel  to 
one  another,  and  at  fome  inches  afunder.  For  they  found,  that 
upon  electrifying  one  of  the  boards  pofitively,  the  other  was 
always  negative,  agreeable  to  the  former  experiment:  but  the 
difcovery  was  made  complete  and  indifputable  by  a  perfon’s  touch¬ 
ing  one  of  the  plates  with  one  hand,  and  bringing  his  other 
hand  to  the  other  plate ;  for  he  then  received  a  fhock  through 
his  body,  exactly  like  that  of  the  Leyden  experiment  *. 

With  this  plate  of  air,  as  we  may  call  it,  they  made  a  variety 
of  curious  experiments.  The  two  metal  plates,  being  in  oopo- 
fite  Hates,  ffrongly  attracted  one  another,  and  would  have  rufh- 
ed  together,  if  they  had  not  been  kept  afunder  by  firings.  Some¬ 
times  the  electricity  of  both  would  be  difcharged  by  a  ftrong 
fpark  between  them,  as  when  a  pane  of  glafs  burfts  with  too 
great  a  charge.  A  finger  put  between  them  promoted  the  dif- 
charge,  and  felt  the  fhock.  If  an  eminence  was  made  on  either 
of  the  plates,  the  felf-difcharge  would  always  be  made  through  it, 
and  a  pointed  body  fixed  upon  either  of  them  prevented  their  be¬ 
ing  charged  at  all. 

The  Hate  of  thefe  two  plates,  they  excellently  obferve,  juft- 
ly  reprefents  the  Hate  of  the  clouds  and  the  earth  during  a 
thunder  ftorm ;  the  clouds  being  always  in  one  flate,  and  the 
earth  in  the  oppofite  ;  while  the  body  of  air  between  them  anfwers 
the  fame  purpofe  as  the  finall  plate  of  air  between  the  boards, 
or  the  plate  of  glafs  between  the  two  metallic  coatings  in  the 
Leyden  experiment.  The  phenomenon  of  lightning  is  the 
bun ang  of  the  plate  of  air  by  a  fpontaneous  difeharge,  which  is 
always  made  through  eminences,  and  the  bodies  through  which 
the  difeharge  is  made  are  violently  fhocked  f . 
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Ttfts  principle,  they  likewife  thought,  would  explain  an  ob¬ 
servation  of  the  Abbe  Nollet,  that  eledricity  was  often  obferved 
to  be  peculiarly  Strong,  when  the  room  was  full  of  company, 
and  more  particularly,  when  numbers  of  them  drew  near  to¬ 
gether,  to  fee  the  experiments.  The  condudor  was  then  in  one 
hate,  and  the  company  in  another ;  fo  that,  conftituting  a  large 
Surface,  when  any  of  them  took  a  fpark,  as  he  thereby  discharg¬ 
ed  the  electricity  of  all  the  company,  he  would  feel  it  more 
fenfibly  than  if  he  had  flood  Single  A 

Th  is  difeovery,  of  the  method  of  giving  the  eledric  Shock  by 
means  of  a  plate  of  air,  may  be  reckoned  one  of  the  greateft 
difeoveries  in  the  Science  of  eledricity  Since  thofe  of  Dr.  Frank¬ 
lin.  It  is  beautiful  to  obferve  how  this  fine  difeovery  took  its 
rife  from  the  experiments  of  Mr.  Canton.  Mr.  Canton’s  expe¬ 
riments  were  purfued  by  Dr.  Franklin,  and  thofe  of  Dr.  Frank¬ 
lin,  purfued  by  thefe  gentlemen,  produced  the  difeovery.  It  is 
one  and  the  Same  principle  that,  in  different  circumflances,  ac¬ 
counts  for  this  beautiful  Series  of  experiments. 

This  experiment  of  charging  a  plate  of  air  is  likewife  re¬ 
lated  by  Mr.  SEpinus,  who  fays  that  he  was  led  to  the  difeovery, 
by  reafoning  from  the  confequences  of  Dr.  Franklin’s  theory. 

From  thefe  experiments  he  wras  alfo  led  to  form  a  more  diftind 
idea  of  the  impermeability  of  glafs  to  the  eledric  fluid.  For  Since 
a  plate  of  air  might  be  charged  as  well  as  a  plate  of  glafs,  that 
property,  whatever  it  be,  muft  be  common  to  them  both ;  and 
•could  not,  as  Dr.  Franklin  once  fuppofed,  be  any  thing  peculiar 
to  the  internal  ftrudure  of  glafs.  Impermeability,  he,  therefore, 
infers,  muft  be  common  to  all  eledrics ;  and  Since  they  can  all 
receive  eledricity  by  communication  to  a  certain  degree,  it  muft 
confift  in  the  difficulty  and  flownefs  with  which  the  eledric 

*  Wilcke,  p.  96, 
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fluid  moves  in  their  pores;  whereas,  in  perfect  conductors,  it 
meets  with  no  obflrudion  at  all  *. 

It  was  chiefly  this  courfe  of  experiments,  alfo,  that  led  Mr. 
JEpinus  to  deny  the  exiftence  of  eledric  atmofpheres,  con- 
fifling  of  effluvia  from  eledrified  bodies. 

He  feems,  however,  to  confider  this  as  a  bold  opinion ;  fince 
he  herein  differs,  as  he  fays,  from  all  the  eledricians  who  had 
written  before  him,  and  even  from  Dr.  Franklin  himfelf.  Though 
the  common  opinion,  he  fays,  is  by  no  means  countenanced  by 
the  general  principles  of  this  theory,  which  fuppofe  the  eledric 
fluid  to  move  with  difficulty  through  every  eledric  fubftance  like 
the  air. 

To  thofe  who  might  fay,  that  an  eledric  atmofphere  is  a 
thing  obvious  to  the  fenfes,  and  no  matter  of  theory;  fince  it 
may  be  felt  like  a  fpider’s  web  upon  the  hands  or  face;  he  replies, 
that  this  feeling,  together  with  the  fulphureous  fmell  of  eledri- 
fled  bodies,  are  only  fenfations  excited  by  the  adion  of  the  fluid 
in  the  eledrified  bodies  upon  the  eledric  fluid  in  the  noftrils,  or 
the  hand ;  or  upon  thofe  parts  of  the  body  themfelves  in  an 
uneledrified  ftate ;  and  that  they  are  not  felt  by  a  perfon  who 
is  not  poflefled  of  the  fame  kind  and  degree  of  eledricity. 

He,  therefore,  thinks  there  never  was  any  fufficient  reafon  to 
admit  thofe  atmofpheres ;  and  declares,  that  whenever  he  ufes 
the  word,  he  means  no  more  by  it  than  the  fphere  of  aft  ion  of 
the  eledricity  belonging  to  any  body.  Or,  he  fays,  the  neighs 
bouring  air,  which  is  eledrified  by  it,  may  be  fo  called. 

But  that  thefe  atmofpheres  have  little  effed  in  eledrical 
experiments,  he  fays,  is  evident  from  this  circumftance ;  that 
if.  it  be  blown  upon  with  a  pair  of  bellows,  the  eledricity  of  the 
body  which  it  furrounds  is  not  fenfibly  diminiflied.  The  eledric 
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fluid,  he  fuppofes,  to  refide  wholly  in  the  eledtrifted  body,  and 
from  thence  to  exert  its  attraction  or  repulfion  to  a  certain  dis¬ 


tance  *. 

Tiie  fubjedt  of  eledtric  atmofpheres  had  not  efeaped  the  atten-  * 
tion  of  the  accurate  Signior  Beccaria,  who  was  probably  prior  to 
Mr.  dEpinus  in  fuppoftng,  that  eledtrified  bodies  have  no  other 
atmofphere  than  the  eledtricity  communicated  to  the  neighbour¬ 
ing  air,  and  which  goes  with  the  air,  and  not  with  the  eledtrified 
bodies,  agreeable  to  that  curious  difeovery  ot  his  mentioned 
above. 

He  alfo  mentions  an  experiment,  which,  he  thinks,  diredlly 
proves,  that  all  the  eledtricity  communicated  to  any  body  ad¬ 
heres  to  its  furface,  and  does  not  fpread  into  the  air.  He  elec¬ 
trified  a  large  condudtor  of  gilt  paper,  in  which  the  gilding  was, 
in  feveral  places,  taken  off  quite  round  ;  andobferved  that  when¬ 
ever  he  difeharged  it,  by  taking  a  fpark  at  the  end,  other  fparks 
were  viftble  at  all  the  interruptions ;  the  charge  of  the  more  re¬ 
mote  parts  having  come  off  through  the  fubftance  of  the  metal, 
and  not  along  the  air;  as  the  greateft  part  of  it,  at  leaft,  might 
have  done,  if  it  had  lodged  there  f . 

It  is  now  alfo  Mr.  Canton’s  opinion,  that  eledtric  atmofpheres 
are  not  made  of  effluvia  from  excited  or  eledtrified  bodies,  but 
that  they  are  only  an  alteration  of  the  ftate  of  the  eledtric  fluid 
contained  in,  or  belonging  to  the  air  furrounding  them,  to  a  cer¬ 
tain  diftance ;  that  excited  glafs,  for  inftance,  repels  the  elec¬ 
tric  fluid  from  it,  and  confequently,  beyond  that  diftance  makes 
it  more  denfe  ;  whereas  excited  wax  attradts  the  eledtric  fluid 
exifting  in  the  air  nearer  to  it,  making  it  rarer  than  it  was  before. 

This  will  be  beft  underftood  by  a  figure.  Let  A  (PI.  I. 
fig.  i.)  reprefent  unexcited  glafs  or  wax.  B  excited  glafs,  and  C 
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excited  wax;  and  let  the  dots  on  each  fide  of  A  reprefent  a  line 
of  particles  of  the  eledric  fluid  at  their  proper  diflance  in  a  na¬ 
tural  hate. 

Let  B  and  G  be  carried  about  where  you  will  in  the  air,  B 
will  make  an  atmofphere  equally  denfe,  and  C  an  atmofpherc 
equally  rare,  while  the  quantity  of  the  eledric  fluid  each  of 
them  contains  is  the  fame  as  at  firfl:.  When  any  part  of  a  con- 
dudor  comes  within  the  atmofphere  of  B,  the  eledric  fluid  it  na¬ 
turally  contains  will  be  repelled  by  the  denfe  atmofphere,  and  will 
recede  from  it.  But  if  any  part  of  a  condudor  be  brought  within 
the  atmofphere  of  C,  the  eledric  fluid  it  naturally  contains  will 
be  attraded  by  the  rare  atmofphere,  and  move  towards  it. 
And  thus  may  the  eledric  fluid  contained  in  any  body  be  con- 
denfed  or  rarefied ;  and  if  the  body  be  a  condudor,  it  may  be 
condenfed  or  rarefied  in  any  part  of  it,  and  fome  may  be  eafily 
drawn  out  of,  or  an  additional  quantity  put  into  it. 

It  was  obferved  before,  that  an  experiment  of  Dr.  Franklin, 
which  he  thought  proves  that  eledric  atmofpheres  did  not  exclude 
the  air,  might  juftly  make  us  fufped  the  exiftence  of  thofe  atmo¬ 
fpheres,  fince  the  eledric  matter  is  known  to  repel  the  air.  An¬ 
other  experiment  of  the  fame  nature  was  made  by  Dr.  Darwin 
of  Litchfield,  who  fent  an  account  of  it  to  the  Royal  Society, 
which  was  read  May  the  5th,  1757.  He  got  a  glafs  tube,  open 
at  one  end,  and  having  a  ball  at  the  other.  This  ball  and  half  of 
the  tube  he  coated ;  and  when  he  had  inverted  it,  and  dipped  a 
confiderable  part  of  it  intoaveflel  containing  oil  of  turpentine,  he 
introduced  a  wire  into  it,  and  charged  it ;  and  obferved,  that  the 
oil  did  not  at  all  appear  to  fubfide.  From  this  he  concluded, 
that  the  eledric  atmofphere,  flowing  round  the  wire  and  the 
coating  the  tube,  above  the  oil,  did  not  difplace  the  air,  but  exift- 
ed  in  its  pores  *. 
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An  experiment  fimilar  to  that  of  Dr.  Franklin  and  that  of  Dr. 
Darwin  was  made  by  Signior  Beccaria.  He  took  a  coated  phial, 
and  when  he  had  inferted  into  it  a  fmall  glafs  tube,  bent  horizon¬ 
tally  when  it  came  out  of  the  phial ;  he  clofed  it  with  cement, 
and  prefented  light  afhes  to  the  extremity  of  the  tube,  the  orifice 
of  which  was  very  fine;  and  always  found,  that  the  afhes  were 
blown  off,  when  a  fpark  was  taken  into  the  phial,  but  they 
returned  towards  the  end  of  the  tube  afterwards*.  It  is  pro¬ 
bable,  that  the  metal  not  being  fufficiently  in  contact  with  the 
infide  coating,  a  fpark  was  made  in  the  infide,  which  ex¬ 
pelled  the  air,  and  caufed  the  motion  in  the  afhes.  The  faireft 
method  of  trying  it  would  be  with  a  phial,  in  which  the  metal 
that  received  the  fire  from  the  condu&or,  fhould  be  a  produce 
tion  of  the  inward  coating. 
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Mr.  SYMMER’s  experiments  relating  to  the  two  elec¬ 
tricities,  AND  THOSE  MADE  BY  JOHANNES  FRANCIS- 
CUS  CIGNA  IN  PURSUANCE  OF  THEM. 


{  »  '  I  '  • 

IT  had  hitherto  been  univerfally  fuppofed,  that  all  the  phe¬ 
nomena  of  electricity  were  produced  by  the  aCtion  of  one 
eleCtric  fluid.  Even  Mr.  Du  Fay,  at  the  time  that  he  imagined 
he  had  difcovered  another  ele&ric  fluid,  diftinCt  from  that  of  glafs, 
and  peculiar  to  rofin,  &c.  thought,  however,  that  it  was  quite  in¬ 
dependent  of  the  other,  and  that  their  operations  were  never  com¬ 
bined.  Dr.  Watfon,  and  Dr.  Franklin  thought  it  was  very  evi¬ 
dent,  that  the  difference  between  the  two  electricities  confided 
in  the  one  being  a  redundancy,  and  the  other  a  deficiency  of  the 
fame  matter.  And  all  the  experiments  that  had  been  made  con- 

i 

cerning  the  two  eledricities  feemed  to  confirm  this  hypothefis. 
At  length,  however,  Mr.  Symmer  produces  a  great  number  of 
curious  experiments,  relating  to  the  fame  fubjeCt ;  and  infers 
from  them  the  probable  exiftence  of  two  eledric  fluids ,  not  inde¬ 
pendent,  but  always  co-exiftent,  and  counteracting  one  another. 

The  firft  fet  of  his  experiments  are  very  remarkable,  but  he 
does  little  more  than  relate  naked  faCts.  They  were  diverfified, 
and  purfued  much  farther  by  Mr.  Cigna,  of  Turin,  who  has 
alfo  explained  them  upon  the  principles  of  Dr.  Franklin^ 

theory  ; 
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theory  ;  though  lie  was  of  opinion,  that  no  experiments  that 
had  yet  been  made  were  decifive  in  favour  of  either  of  the  two 
hypothefes.  Few  hiftories  of  experiments  are  more  entertain¬ 
ing  than  the  firft  of  thefe  of  Mr.  Symmer;  the  fubfequent  ex¬ 
periments  are  lefs  iatisfa&ory.  The  papers  relating  to  them 
all  were  read  at  the  Royal  Society  in  the  year  1759  *. 

This  gentleman  had  for  fome  time  obferved,  that  upon 
putting  off  his  ftockings,  in  an  evening,  they  made  a  crackling 
or  flapping  noile,  and  that,  in  the  dark,  he  could  perceive  them 
to  emit  fparks  of  fire.  He  had  no  doubt  but  that  this  proceed¬ 
ed  from  the  principle  of  ele&ricity,  and,  after  a  great  number 
of  obfervations,  to  determine  on  what  circumftances  thofe  flrong 
eledtrical  appearances  depended,  he  found,  at  length,  that  it 
was  the  combination  of  white  and  black  that  produced  the  elee- 
ricity;  and  that  the  appearances  were  the  flrongeft  when  he 
wore  a  white  and  black  filk  flocking  upon  the  fame  leg  f .  Thefe, 
however,  difcovered  no  fign  of  electricity  while  they  were  upon 
the  leg,  or  hand  (for  he  found  that  his  hand  was  fufficient)  though 
they  were  drawn  backwards  and  forwards  upon  it  feveral 
times.  Nor  when  taken  from  the  hand,  and  prefented  to  an  elec¬ 
trometer  (i.  e.  Mr.  Canton’s  balls)  did  they  appear  to  have  acquir¬ 
ed  any  more  than  a  very  fmall  degree  of  ele&ricity ;  but  the 
moment  they  were  feparated,  they  were  found,  both  of  them, 
to  be  highly  electrified,  the  white  pofitively,  and  the  black  ne¬ 
gatively. 


*  Phil.  Tranf.  Vol.  li.  pt.  j.  p.  340. 

■f-  The  Abbe  Nolle:,  in  repeating  thefe  experiments  of  Mr.  Symmer,  found,  that  it 
was  not  abfolutely  necefiary,  that  one  of  the  ftockings  Ihould  be  black,  for  that,  if  one 
of  them  was  only  dipped  in  a  deco&ion  of  gall-nuts,  which  doth  not  dye  them  black,, 
but  is  only  a  preparative  to  it,  it  would  have  the  fame  effeft.  Nollet’s  Letties,  Vol.  iii. 
p.  44. 
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Both  the  dockings,  when  held  atadiflance  from  one  another, 
appeared  inflated  to  fuch  a  degree,  that,  when  highly  eleCtrifi- 
ed,  they  exhibited  the  intire  fhape  of  the  leg ;  and  when  two 
black,  or  two  white  dockings  were  held  together,  they  would 
repel  one  another,  fo  as  to  form  an  angle,  feemingly,  of  thirty  or 
thirty- five  degrees. 

When  a  white  and  black  flocking  were  prefented  to  each 
other,  they  would  be  mutually  attracted ;  and,  if  permitted, 
would  rufh  together  with  furprifing  violence.  In  their  ap¬ 
proach  their  inflation  gradually  fubfided,  and  their  attraction  of 
foreign  objeCts  diminiflied,  but  their  attraction  of  one  another 
increafed.  When  they  actually  met,  they  grew  flat,  and  join¬ 
ed  as  clofe  together,  as  if  they  had  been  fo  many  folds  of 
filk.  When  they  were  feparated,  their  electricity  did  not  feem 
to  have  been  in  the  leaft  impaired  by  the  fliock  of  meeting  ;  for 
they  would  be  again  inflated,  attract,  repel,  and  rufh  together  as 
before. 

When  this  experiment  was  performed  with  two  black  dockings 
in  one  hand,  and  two  white  ones  in  the  other,  it  exhibited  a 
curious  fpeCtacle.  The  repulfion  of  thofe  of  the  fame  colour  and 
the  attraction  of  thofe  of  different  colours,  threw  them  into  an 
agitation  which  was  not  unentertaining,  and  made  them  catch  each 
at  the  oppofite  colour,  at  a  greater  diflance  than  could  have  been 
expected. 

When  the  dockings  were  feparated  from  one  another,  they 
would  lofe  their  power  very  foon,  much  like  the  excited  tube; 
but  when  they  were  together,  they  would  retain  it  an  hour  or 
two,  or  longer,  if  the  air  was  favourable  to  eleCtricity.  The 
fharped  metallic  point  could  not  deprive  them  of  it;  and  when 
they  were  one  within  the  other,  no  means  he  could  think  of  could 
procure  the  lead  perceivable  difcharge  of  the  eleCtricity.  In  this 
rcfpeCt,  Air.  Symmer  thought  there  was  a  confiderable  re- 

K  k  femblance 


Mk.  SYMMER  on  the 


250 


Part  L 


femblance  between  the  black  and  the  white  flocking,  when  put 
within  one  another,  and  the  Leyden  phial. 

What  was  hill  more  remarkable  in  tliefe  experiments  with 
the  white  and  black  flockings,  was  the  power  of  eledrical  co- 
helion  which  they  exhibited.  Mr.  Symmer  perceived  that  the 
white  and  black  flockings,  when  eledrified,  and  allowed  to  come 
together,  not  only  joined  extremely  clofe,  but  adually  fluck  to 
each  other.  By  means  of  a  balance,  he  found,  that  in  order 
to  feparate  them,  it  required  from  one  to  twelve  ounces.  An¬ 
other  time  they  raifed  feventeen  ounces,  which  was  twenty  times 
the  weight  of  that  flocking  which  fupported  them,  and  this  in 
a  diredion  parallel  to  its  furface. 

When  one  of  the  flockings  was  turned  infide  out,  and  put 
within  the  other,  it  required  twenty  ounces  to  feparate  them, 
though  when  they  were  applied  to  each  other  externally,  ten 
ounces  were  fufficient. 

Getting  the  black  flockings  new  dyed,  and  the  white  ones 
wafhed,  and  whitened  in  the  fumes  of  fulphur  ;  and  then  putting 
them  one  within  the  other,  with  their  rough  fides  together,  it  re¬ 
quired  three  pounds  three  ounces  to  feparate  them.  And  he  had 
reafon  to  think  that  the  fulphur  contributed  nothing  to  the  ex¬ 
periment. 

Trying  this  experiment  with  flockings  of  a  more  fubflantial 
make,  he  found  the  effeds  more  confiderable.  When  the  white 
flocking  was  put  within  the  black  one,  fo  that  the  outfide  of  the 
white  was  contiguous  to  the  infide  of  the  black,  they  raifed  nine 
pounds  wanting  a  few  ounces,  which  was  fifty  times  the  weight 
of  the  flocking.  When  the  white  flocking  was  turned  infide 
out,  and  put  within  the  black  one,  fo  that  their  rough  furfaces 
were  contiguous,  they  raifed  fifteen  pounds  one  pennyweight 

and  a  half,  which  was  ninety-two  times  the  weight  of  the 
flocking. 
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Having  cut  off  the  ends  of  the  thread,  and  the  tufts  of  filk, 
which  had  been  left  in  the  infide  of  the  ftockings,  the  cohefion 
was  confiderably  diminifhed.  Prefting  them  together  between 
his  hands  contributed  much  to  ftrengthen  it  *. 

When  the  white  and  black  hocking  were  in  cohefion,  and  an¬ 
other  pair,  more  highly  electrified  were  feparated  from  one  an¬ 
other,  and  prefented  to  the  former,  their  cohefion  would  be 
diffolved;  and  each  hocking  of  the  fecond  pair  would  catch  hold 
of,  and  carry  away  with  it,  that  of  its  oppofite  colour.  If  the 
degree  of  ele&ricity  of  both  pairs  were  equal,  the  cohefion  of 
the  former  pair  would  be  weakened,  but  not  difiolved  ;  and  all 
the  four  would  cohere,  forming  one  mafs.  If  the  fecond  pair 
were  but  weakly  eleCI  rifted,  the  cohefion  of  the  firh  pair  would 
be  but  little  impaired,  and  the  cohefion  of  the  whole  mafs  would 
be  fmall  in  proportion. 

Mr.  Symmer  alfo  obferved,  that  white  and  black  filk,  -when 
eledrified,  not  only  cohered  with  each  other,  but  would  alfo 
adhere  to  bodies  with  broad,  and  even  with  polifhed  furfaces, 
though  thofe  bodies  were  not  electrified.  This  he  difeovered  ac¬ 
cidentally,  having,  without  defign,  thrown  a  flocking  out  of  his 
hand,  which  ftuck  to  the  paper  hangings  of  the  room.  He  re¬ 
peated  the  experiment,  and  found  it  would  continue  hanging 
near  an  hour. 

Having  ftuck  up  the  black  and  white  ftockings  in  this 
manner,  he  came  with  another  pair  of  ftockings  highly  electrified ; 
and  applying  the  white  to  the  black,  and  the  black  to  the 
white,  he  carried  them  off  from  the  wall,  each  of  them  hanging 
to  that  which  had  been  brought  to  it. 

The  fame  experiments  held  with  the  painted  boards  of  the 
room,  and  likewife  with  the  looking-glafs,  to  the  fmooth  furface 


*  Phil.  TYanf.  Vol,  li.  pt.  i.  p.  393. 
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of  which  both  the  white  and  the  black  filk  appeared  to  adhere 
more  tenacioufly  than  to  either  of  the  former  *. 

A  few  obfervations,  fimilar  to  fome  of  thefe  of  Mr.  Symmer, 
were  made  by  Signior  Alejandro  Amadeo  Vaudonia ,  a  friend  of 
Signior  Beccaria.  Pie  put  a  beaver  flirt  between  two  others, 
which  he  wore  in  extreme  cold  weather ;  and  whenever  he  put 
off  the  uppermoft  ihirt,  which  he  did  every  day,  he  found  it  ad¬ 
hered  to  the  beaver  fhirt,  and,  on  the  feparation,  eleCtric  fparks 
were  vifible  between  them.  Whenever  he  put  off  the  beaver 
fhirt,  it  adhered  fill  more  to  the  under  Ihirt,  and  when  held  at  a 
confiderable  diftance  from  it,  would  rufh  to  it.  Thefe  attractions 
would  be  repeated  many  times,  but  they  grew  more  languid  by 
degrees,  till  they  intirely  ceafed.  Signior  Beccaria,  upon  hear¬ 
ing  of  this  experiment,  repeated  it  with  fome  variation,  and  found 
it  to  anfwer  on  himfelf  j\ 

The  cohefion  of  the  two  ftockings  induced  Mr.  Symmer  to  try 
the  force  of  eleCtrical  cohefion  in  electrified  panes  of  glafs.  For 
this  purpofe,  he  got  two  panes  of  common  window  glafs,  the 
thinned;  and  the  fmootheft  that  he  could  find,  and  coated  one  of 
the  fides  of  each  with  tinfoil,  leaving  a  fpace  uncovered  near 
the  edges.  He  then  put  the  uncovered  lides  together,  and  charg¬ 
ing  them  both  as  one  pane,  he  found,  as  he  expected,,  that  their 
cohefion  was  confiderably  ftrong  :  but  he  had  no  apparatus  to 
meafure  the  ftrength  of  it.  He  then  turned  the  plates  upfide 
down,  and  found  that  the  fame  operation  which  had  before  charg¬ 
ed  them,  did  now  uncharge  them,  according  to  the  analogy  of 
the  Leyden  phial. 

Placing  two  panes  of  glafs,  each  of  them  coated  on  both 
fides,  one  upon  the  other,  he  found  that  they  were  both  charged 
feparately,  and  that  there  was  no  cohefion  between  them. 


*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  366. 
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In  purfuance  of  thefe  lad  mentioned  experiments  of  Mr.  Sym- 
mer,  and  another  made  at  Pekin  (which  will  be  recited  prefent- 
ly)  Signior  Beccaria  made  the  following,  which  are  very  curious  ; 
but  which,  after  the  example  of  the  author,  I  fhall  relate  with¬ 
out  attempting  an  explanation. 

Having  charged  a  coated  plate  of  glafs,  he  flipped  the  coating 
from  off  the  negative  fide,  and  applied  another  uncoated  and 
uncharged  plate  of  glafs  clofe  to  it.  After  this,  putting  a  coating 
upon  the  uncharged  glafs  (fo  that  the  whole  refembled  one  coat¬ 
ed  plate,  confiding  of  two  laminae)  he  formed  a  communication 
between  the  coatings.  The  confequence  was  an  explolion,  and 
a  cohefion  of  the  plates. 

If  he.  feparated  the  plates  before  the  explofion,  after  they  had 
been  in  conjunction  fome  time,  the  charged  plate  was  pofitive  on 
both  fidcs,  and  the  uncharged  plate  negative  on  both  fides.  But 
if  he  feparated  them  after  the  explofion,  the  charged  plate  was 

negative  on  both  iides,  and  the  uncharged  plate  pofitive  on  both 
fides. 

If  after  the  explofion  he  feparated  and  joined  them  again 
alternately,  a  fmall  circle  of  paper,  placed  under  the  uncharged 
plate,  adhered  to  it  upon  every  feparation,  and  was  thrown  off 
again  upon  every  conjunction.  This  he  could  repeat  even  five 
hundred  times,  with  once  charging  the  plate.  This  was  the  ex¬ 
periment  that  he  fays  was  made  by  fome  Jefuits  at  Pekin,  in 
the  year  1755,  and  being  fent  to  the  Academy  of  Sciences  at  Pe¬ 
te  rfburgh,  was  publifhed  in  their  Memoirs,  vol.  viii.  p.  276. 

If,  in  thefe  experiments,  the  charged  plate  was  inverted,  and 
the  pofitive  fide  applied  to  the  uncharged  plate,  all  the  effeCIs 
were  exactly  the  reverfe  of  the  former.  If  it  was  inverted  ever  lb 
often,  after  remaining  fome  time  in  contaCl  with  the  uncharged 
glafs,  it  would  produce  a  change  in  the  eledricity.  In  the  dark, 
a  light  was  always  feen  upon  the  feparation  of  thefe  plates. 

Laying 
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Laying  the  two  plates  together,  like  one  plate,  and  coating 
the  outlides  of  them,  he  charged  them  both  together,  and,  at 
the  diftance  of  about  four  feet,  he  diftinguifhed  fix  of  the  colour¬ 
ed  rings ,  which  Newton  defcribes  in  his  book  of  Optics,  all  parallel 
to  one  another,  and  nearly  parallel  to  the  edge  of  the  coating. 
At  the  angles  of  the  coatings  the  rings  fpread  to  a  greater 
diftance  ;  where  the  coatings  did  not  quite  touch  the  glafs,  the 
rings  bent  inwards  ;  and  where  the  coatings  adhered  very  clofe, 
they  retired  farther  from  them.  Upon  difcharging  thefe  two 
plates,  the  coloured  rings  vanifhed,  and  the  eleCtric  cohefion 
(which  Mr.  Symmer  had  obferved  in  this  cafe)  ceafed  with  them. 

Upon  feparating  thefe  plates  before  the  explofion,  that  which 
had  received  the  politive  electricity  was  pofitive  on  both  fides,  and 
the  other  negative  on  both  lides.  If  they  were  feparated  after 
the  explofion,  each  of  them  (as  in  the  former  experiment)  was 
affeCted  in  a  manner  juft  the  reverfe  of  this.  Upon  inverting 
thefe  plates,  that  which  was  the  thinner  appeared  to  be  poffeffed 
of  the  ftronger  electricity,  and  (like  the  charged  plate  in  the  former 
experiment)  brought  the  other  to  correfpond  to  it. 

Charging  the  two  plates  feparately,  and  taking  off  twm  of 
the  coatings,  fo  as  to  place  the  two  pofitive  or  the  two  negative 
Tides  together,  there  was  no  cohefion  or  explofion.  But  join¬ 
ing  a  pofitive  and  a  negative  fide,  they  cohered,  and  a  communi¬ 
cation  being  formed  on  the  outfide,  there  was  an  explofion,  which 
increafed  the  cohefion.  Making  the  above-mentioned  experi¬ 
ments  with  thefe  plates,  he  fays,  they  aCted  juft  as  the  two  that 
were  charged  at  the  fame  time*. 

Mr.  Symmer  concludes  his  account  of  thefe  experiments 
with  declaring  it  to  be  his  opinion,  that  there  are  two  eleCtric 
fluids,  or  emanations  of  two  diftinCt  eleCtric  powers,  effentially 


*  Phil.  Tranf.  Vo!.  l«ii.  p.  458. 
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different  from  each  other;  that  electricity  does  not  confift  in  the 
afflux  and  efflux  of  thefe  fluids,  but  in  the  accumulation  of  the 
one  or  the  other  of  them  in  bodies  eledrified  ;  or,  in  other 
words,  it  confifts  in  the  poffeffion  of  a  larger  portion  of  one 
or  the  other  power,  than  is  requifite  to  maintain  an  even  balance 
within  the  body;  and  laftly,  that,  according  as  the  one  or  the 
other  power  prevails,  the  body  is  electrified  in  the  one  or  the  other- 
manner.  Nor  will  'this  principle,  fays  he,  of  two  diftincb  elec¬ 
trical  powers  be  found,  upon  due  confederation,  to  difagree  with 
the  general  fyftem  of  nature.  It  is  one  of  the  fundamental  laws 
of  nature,  that  action  and  rea&ion  are  infeparable  and  equal  ; 
and,  when  we  look' round,  we  find  that  every  power  which  is 
exerted  in  the  material  world  meets  with  a  counteracting  power, 
which  controuls  and  regulates  its  effects,  fo  as  to  anfwer  the  wife 
purpofes  of  providence  *. 

Mr.  Symmer  alfo  alledges,  in  proof  of  his  two  diftinCt 
powers  of  electricity,  the  experiment  which  Dr.  Franklin  has  re- 

I  »•  .  . 

la  ted,  of  piercing  a  quire  of  paper  with  an  electric  fhock. 
He  thought  that  the  bur  which  was  raifed  on  both  fides  of  the 
paper  was  produced  by  two  fluids,  moving  in  two  different  direc¬ 
tions.  To  fhow  the  manner  in  which  this  ftroke  was  made 
more  evidently,  he  mentions  two  other  fimilar  experiments,  in 
which  the  circumftahces  of  the  ftroke  were  a  little  varied. 

A  piece  of  paper,  covered  on  one  fide  with  Dutch  gilding,  and 
which  had  been  left  accidentally  between  two  leaves,  in  a  quire 
of  paper  in  which  the  former  experiment  had  been  made,  was 
found  to  have  the  impreffion  of  two  ftrokes  upon  it,  about  a 
quarter  of  an  inch  from  each  other ;  the  gilding  being  ftripped 
off,  and  the  paper  left  bare  for  a  little  fpace  in  both  places. 
In  the  center  of  one  of  thefe  places  was  a  little  round  hole,  in 

•*  Phil.  Tranf.  Vol.  li,  pt.  i.  p.  3S9. 
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-the  other  only  an  indenture  or  impreflion,  fuch  as  might  have 
been  made  with  the  point  of  a  bodkin. 

These  obfervations  Mr.  Symmer  communicated  to  Dr.  Frank¬ 
lin,  who,  notwithftanding  Mr.  Syrnmer  was  endeavouring  to  efta- 
blifli  a  theory  of  electricity  contrary  to  his  own,  with  the  gene- 
-rofity  natural  to  him,  aflifted  him  with  his  apparatus  in  mak¬ 
ing  another  experiment  in  purfuance  of  that  mentioned  above. 

In  the  middle  of  a  paper  book,  of  the  thicknefs  of  a  quire, 
Mr.  Syrnmer  put  a  flip  of  tinfoil;  and  in  another,  of  the  fame 
thicknefs,  he  put  two  flips  of  the  fame  fort  of  foil,  including  the 
two  middle  leaves  of  the  book  between  them.  Upon  ftriking 
the  two  different  books,  the  effe&s  were  anfwerable  to  what  he 
expeded.  In  the  firft,  the  leaves  on  each  fide  of  the  foil  were 
pierced,  while  the  foil  itfelf  remained  unpierced  ;  but,  at  the 
fame  time,  he  could  perceive  an  impreflion  had  been  made  on 
each  of  its  furfaces,  at  a  little  diflance  from  one  another ;  and 
fuch  impreflions  were  {till  more  vifible  on  the  paper,  and  might 
be  traced,  as  pointing  different  ways.  In  the  fecond,  all  the 
leaves  of  the  book  were  pierced,  excepting  the  two  that  were 
between  the  flips  of  foil  ;  and  in  thefe  two,  inftead  of  holes,  the 
two  impreflions  in  contrary  directions  were  vifible. 

Mr.  Symmer  afterwards  got  an  eleCtrical  apparatus  of  his 
own,  formed  on  the  model  of  that  of  Dr.  Franklin,  with  which 
he  frequently  repeated  the  experiments  above-mentioned,  the  re- 
fult  of  all  which  he  comprifes  in  the  three  following  obfervations. 

i.  When  a  quire  of  paper,  without  any  thing  between  the 
leaves,  is  pierced  with  a  ftroke  of  electricity,  the  two  different 
powers  keep  in  the  fame  track,  and  make  but  one  hole  in  their 
paflage  through  the  paper:  not  but  that  the  power  from  above, 
or  that  from  below,  fometimes  darts  into  the  paper  at  two  or  more 
different  points,  making  fo  many  holes,  which,  however,  gene¬ 
rally  unite  befoie  they  go  through  the  paper.  They  feem  to  pafs 
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each  other  about  the  middle  of  the  quire,  for  there  the  edges  are 
moft  vifrbly  bent  different  ways;  whereas,  in  the  leaves  near  the 
outfide  of  the  quire,  the  holes  very  often  carry  more  the  appear¬ 
ance  of  the  paffage  of  a  power  bluing  out,  and  exploding  into 
■the  air,  than  of  one  darting  into  the  paper. 

2.  When  any  thin  metallic  fubflance,  fuch  as  gilt  leaf,  or 
tinfoil,  is  put  between  the  leaves  of  the  quire,  and  the  whole 
is  ftruck,  in  that  cafe  the  counteracting  powers  deviate  from  the 
direCt  traCt,  and  leaving  the  path  which  they  would  in  com¬ 
mon  have  taken  through  the  paper,  only  make  their  way  in 
different  lines  to  the  metallic  body,  and  ftrike  it  in  two  different 
points,  diftant  from  one  another  about  a  quarter  of  an  inch, 
more  or  lefs  ;  the  diffance  appearing  to  be  the  leaf!  when  the 
power  is  greateft  :  and  whether  they  pierce  it,  or  only  make  im- 
preftions  upon  it,  in  either  cafe  they  leave  evident  marks  of  mo¬ 
tion  from  two  different  parts,  and  in  two  contrary  directions.  It 
is  this  deviation  from  a  common  courfe,  and  the  feparation  of 
the  lines  of  direction  confequent  upon  it,  fays  he,  that  affords  a 
proof  of  the  exertion  of  two  diflinCt  and  counteracting  powers. 

3.  When  two  flips  of  tinfoil  are  put  into  the  middle  of  the 
quire,  including  two  or  more  leaves  between  them,  if  the  elec¬ 
tricity  be  moderately  ffrong,  the  counteracting  powers  only  ftrike 
againft  the  flips,  and  leave  their  impreffion  there.  When  it  is 
ftronger,  one  of  the  flips  is  generally  pierced,  but  feldom  both ; 
and  from  what  he  had  obferved  in  fuch  cafes,  he  fays  it  fhould 
feem,  as  if  the  power  which  iffued  from  the  outfide  of  the 
phial  aCted  more  ftrongly  than  that  which  proceeded  from  within, 
for  the  lower  flip  was  moft  commonly  pierced.  But  this,  he  adds, 
may  be  owing  to  the  greater  fpace  which  the  power  from  within 
has  to  move  through  before  it  ftrikes  the  paper  *. 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  377,  Sc c, 
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In  the  fame  paper,  Mr.  Symmer  furnifhes  a  remarkable  in- 
fiance  of  the  power  of  an  hypothecs  in  drawing  fads  to  itfelf,  in 
making  proofs  out  of  fads  which  are  very  ambiguous,  and  in 
making  a  perfon  overlook  thofe  circumflances  in  an  experiment 
which  are  unfavourable  to  his  views. 

When  a  phial  is  eledrified  but  a  little,  Mr.  Symmer  fays, 
if  we  touch  the  coating  of  it  with  a  finger  of  one  hand,  and,  at 
the  fame  time,  bring  a  finger  of  the  other  hand  to  the  wire,  we 
fhall  receive  a  pretty  fmart  blow  upon  the  tip  of  each  of  the 
fingers,  the  fenfation  of  which  reaches  no  farther.  If  the  phial 
be  eledrified  a  degree  higher,  we  fhall  feel  a  flronger  blow, 
reaching  to  the  wrifls,  but  no  farther.  When,  again,  it  is  elec¬ 
trified  to  a  fiill  higher  degree,  a  feverer  blow  will  be  received,  but 
will  not  be  felt  beyond  the  elbows.  Laftly,  when  the  phial 
is  ftrongly  charged,  the  flroke  may  be  perceived  in  the  wrifls, 
and  elbows ;  but  the  principal  fliock  is  felt  in  the  breafl,  as  if  a 
blow  from  each  fide  met  there.  This  plain  and  fimple  experi¬ 
ment,  fays  Mr.  Symmer,  feems  obvioully  to  fuggefl  to  obferva- 
tion  the  exigence  of  two  diflind  powers,  ading  in  contrary  di- 
redions;  and,  I.  believe,  fays  he,  it  would  be  held  as  a  fufficient 
proof  by  any  perfon,  who  fhould  try  the  experiment,  with  a 
view  to  determine  the  queflion  fimply  from  his  own  per¬ 
ceptions  *. 

It  is  a  fufficient  anfwer  to  this  remark  of  Mr.  Symmer,  that 
L  twenty  people  join  hands,  they  may  all  be  made  to  feel  the 
(hock  111  their  wrifls,  or  their  elbows,  without  having  their  breafts 
affected  in  the  leaf!.  And  can  it  be  luppofed,  that  the  two  cur¬ 
rents  of  eieciric  fire  could  come  at  all  their  wrifls  or  elbows, 
without  paffing  through  their  breafls  ?  According  to  Mr.  Sym- 
mer’s  hypothefis,  it  fhould  feem,  that,  in  a  large  circle,  thofe 
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perfons  only  wlio  flood  near  the  phial,  on  either  hand,  fhould 
feel  afmall JJjock ;  that  a  few  perfons  more,  at  each  extremity  of 
the  circle,  fhould  feel  one  fomething  flronger  ;  and  that  it  could 
only  be  a  very  ftrong  fhock,  which  could  at  all  affeft  the  perfbn 
who  flood  in  the  middle;  and  that  then  he  fhould  be  affedted  the 
leaf!  of  any  perfon  in  the  company.  But  all  thefe  confequences 
are  contrary  to  fadt. 

This  hypothefis  of  Mr.  Symmer,  notwithftanding  he  has  failed 
in  his  application  of  it  to  the  experiments  above  mentioned,  has 
attradled  the  notice  of  feveral  ele&ricians,  both  at  home  and 
abroad ;  and  fome  perfons  feem  inclined  to  adopt  it,  in  preference 
to  Dr.  Franklin’s  theory.  I  fhall  therefore  confider  it  more 
at  large,  when  I  come  to  treat  of  theories  profeffedly ;  till  which 
time,  I  take  leave  of  this  ingenious  philofopher,  and  his  two 
eledtric  fluids. 

The  experiments  of  Mr.  Symmer  excited  the  attention  of 
Mr.  Cigna,  and  led  him  to  a  courfe  of  experiments,  which  throws 
ftill  more  light,  both  upon  the  dodtrine  of  the  two  eledlricities 
and  the  Leyden  phial.  They  are  alfo  a  farther  illuftration  of  the 
difeovery  of  Mr.  Canton,  improved  by  Meffrs.  Wilcke  and 
iEpinus,  of  the  mutual  repellency  of  fimilar  eledtric  atmo- 
fpheres. 

He  took  two  white  filk  ribbons,  juft  dried  at  the  fire,  and  hav¬ 
ing  extended  them  upon  a  fmooth  plain,  either  a  condudtor  or 
a  non-condudtor,  he  drew  over  them  the  fharp  edge  of  an  ivory 
ruler,  and  found,  that  both  the.  ribbons  had  acquired  elediricity 
enough  to  adhere  to  the  plain  ;  though,  while  they  remained 
upon  the  plain,  they  fhewed  no  other  fign  of  it.  If  they  were 
both  taken  off  from  the  plain  together,  they  attracted  one  another, 
the  ripper  having  acquired  the  refinous  and  more  powerful,  and 
the  lower  the  vitreous  and  weaker  elediricity.  If  they  were 
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taken  up  feparately, .  they  repelled  one  another,  having  both 

acquired  the  refinous  eledricity  *. 

In  this  reparation  of  both  the  ribbons  from  the  plain,  as  alfo, 
in  their  reparation,  afterwards,  from  one  another,  elearic  fparks, 
were  vifible  between  them ;  but  if  they  were  again  put  upon  the. 
plain,  or  joined  together,  no  light  appeared  upon  their  fecond 
reparation,  without  another  fridion  of  the  ruler.  Alfo,  when,, 
by  being  taken  off  feparately,  they  had  been  made  to  repel  one 
another,  if  they  were  laid  on  the  plain  again,  and  taken  off  to¬ 
gether,  they  would  not  attrad;  and  if,,  by  being  taken  off  to¬ 
gether,  they  had  fir  ft  been  made  to  attrad  one  another,  and. 
were  laid  on  the  plain  a  feqond  time,  and  then  taken  off  fe¬ 
parately,  they  would  not  repel,  without  another  fridion. 

When,  by  the  operation  above  mentioned,  they  had  acquire 
ed  the  fame  eledricity,  if  they  were  placed,  not  upon  the  fmooth, 
body  on  which  they  had  been  rubbed,  but  on  a  rough  one, 
and  a  condudor,  as  hemp  or  cotton,  not  very  dry ;  they  would* 
upon  being  feparated,  fhow  contrary  eledricities ;  which,  whei\ 
they  were  joined  together,  would  difappear  as  before  j' 

If  they  had  been  made  to  repel  one  another,  and  were  after¬ 
wards.  placed  one  upon  the  other,  on  the  rough  urface  above 
mentioned,  they  would,  in  a  few  minutes,  attrad  one  another; 
the  lower  of  the  two  ribbons  having  changed  its  refmous  into 
a  vitreous  eledricity. 

If  the  two  white  ribbons  received  their  fridion  upon  th$ 
rough  furface,  they  always  acquired  contrary  eledricities ;  the 
upper  of  the  two  having  the  refmous,  and  the  lower  the  vitre¬ 
ous,  in  whatever  manner  they  were  taken  off. 

The  fame  thing  that  was  done  by  a  rough  furface  was  done 
by  any  pointed  condudor.  If  two  ribbons,  for  inftance,  were 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765,  p.  31.  f  Ibid.  p.  33. 
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made  to  repel,  and  hang  parallel  to  one  another;  and  the  point 
of  a  needle  were  drawn  oppofite  to  one  of  them,  along  its  whole 
length,  they  would  prefently  rufh  together;  the  eledricity  of 
that  ribbon  to  which  the  needle  was  prefented  being  changed  into 
the  contrary 

In  the  fame  manner  in  which  one  of  the  ribbons  changed  its 
electricity,  a  ribbon  not  electrified  would  acquire  electricity, 
viz.  by  putting  it  upon  a  rough  furface,  and  laying  an  elearifi- 
ed  ribbon  upon  it ;  or  by  holding  it  parallel  to  an  eleCtrified  rib¬ 
bon,  and  prefenting  a  pointed  conductor  to  it. 

He  placed  a  ribbon  not  quite  dry  under  another  that  was  well 
dried  at  the  fire,  upon  a  fmooth  plain;  and  when  he  had  given 
them  the  ufual  friction  with  his  ruler,  he  found  that,  in  what 
manner  foever  they  were  removed  from  the  plain,  the  upper  of  them 

had  acquired  the  relinous,  and  the  lower  the  vitreous  elec¬ 
tricity  f.  . 

If  both  the  ribbons  were  black,  all  the  above  mentioned 
experiments  fucceeded,  in  the  fame  manner  as  if  they  had 
been  white  J. 

If,  inftead  of  his  ivory  ruler,  he  made  ufe  of  any  fkin,  or  of 
a  piece  of  fmooth  glafs,  the  event  was  the  fame;  but  if  he 
made  ufe  of  a  hick  of  fulphur,  the  electricities  were,  in  all  cafes, 
the  reverfe  of  what  they  were  before ;  the  ribbon  which  was 
rubbed  having  always  acquired  the  vitreous  eleClricity. 

When  he  made  ufe  of  paper,  either  gilt  or  not  gilt,  the  refults 
were  uncertain. 

W H fin  the  ribbons  were  wrapped  in  paper,  gilt  or  not  gilt, 
and  the  friClion  was  made  upon  the  paper,  laid  upon  the  plain 
above  mentioned,  the  ribbons  acquired,  both  of  them,  the  refin- 
ous  eleClricity  §. 
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If  the  ribbons  were  one  black,  and  the  other  white,  which 
ever  of  them  was  laid  uppermoft,  and  in  whatever  manner  the 
fri&ion  was  made,  the  black  generally  acquired  the  refmous,  and 
the  white  the  vitreous  eleCtricity  A 

He  obferved,  however,  the  following  confcant  event ;  that 
whenever  the  texture  of  the  upper  piece  of  filk  wars  loofe,  yield¬ 
ing,  and  retiform,  like  that  of  a  Hocking,  fo  that  it  could  move, 
and  be  rubbed  again  (I  the  lower,  and  the  rubber  was  of  fuch  a  na¬ 
ture  as  to  impart  but  little  electricity  to  glafs  ;  the  eleCtricity 
which  the  upper  piece  of  filk  acquired,  did  not  depend  upon  the 
rubber,  but  upon  the  body  it  was  laid  upon;  in  which  cafe  the 
black  was  always  refmous,  and  the  white  vitreous.  But  when 
the  filk  was  of  a  clofe  texture,  hard  and  rigid,  and  when  the 
rubber  was  fuch  as  imparted  a  great  degree  of  eleCtricity  to  glafs, 
the  electricity  of  the  upper  piece  did  not  depend  upon  the 
lower,  but  upon  the  rubber.  Thus  a  white  filk  Hocking,  rubbed 
with  gilt  paper  upon  glafs,  became  refmous,  and  the  glafs  vi¬ 
treous  ;  but  if  a  piece  of  filk,  of  a  firmer  texture,  was  laid  upon 
a  plate  of  glafs,  it  always  acquired  the  vitreous  eleCtricity,  and 
the  glafs  the  refmous,  if  it  was  rubbed  with  fulphur ;  and  for 
the  moH  part,  if  it  was  rubbed  with  gilt  paper  f.  So  that  the 
filk  that  was  rubbed  received  its  eleCtricity,  fometimes  from  the 
rubber,  and  fometimes  from  the  fubfiance  placed  under  it;  ac¬ 
cording  as  it  received  greater  friction  from  the  one  or  the  other, 
or  in  proportion  as  one  or  the  other  was  more  proper  to  give 
eleCtricity  to  glafs. 

Another  fet  of  experiments,  which  the  fame  Mr.  Cigna 
made,  illufirate  the  adhefion  of  Mr.  Symmer’s  eleCtrical  Hockings 
to  bodies  with  fmooth  furfaces.  He  infulated  a  plate  of  lead, 
and  bringing  an  electrified  ribbon  near  it,  obferved  that  it 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765,  p.  38. 
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was  attraded  very  feebly.  Bringing  his  finger  to  the  lead,  a 
fpark  i filled  out  of  it,  upon  which  it  attracted  the  ribbon  vf  o- 
roufly,  and  both  together  fhewed  no  figns  of  eledricity.  Upon 
the  feparation  of  the  ribbon,  they  again  both  appeared  to  be  elec- 

trilled,  and  a  fpark  was  perceived  between  the  plate  and  the 
finger  *. 

Laying  two  plates  of  glafs  upon  a  finooth  conductor  commu¬ 
nicating  with  the  ground,  and  rubbing  them  in  the  fame  man¬ 
ner  as  the  ribbons  had  been  rubbed,  they  likewilc  acquired  elec¬ 
tricity,  and  adhered  firmly,  both  to  one  another,  and  to  the  con- 
du&or.  If  it  were  a  plate  of  lead,  not  very  thick,  it  would  be 
fupported  by  the  attfadiori.  When  they  were  together,  they 
fhowed  no  other  figns  of  electricity  ~j~. 

When  the  two  plates  of  glafs  were  feparated  from  the  con¬ 
ductor,  and  kept  together,  they  fhowed,  on  both  fides,  a  vitre¬ 
ous  eledricity  ;  and  the  conductor,  if  it  had  been  infulated,  was 
feen  to  have  contraded  a  refinous  eledricity. 

The  two  plates  of  glafs  themfelves,  when  feparated,  were 
pofiefied  of  the  two  eledricities  ;  the  upper  of  the  vitreous  and 
ftronger,  and  the  lower  of  the  refinous  and  weaker. 

With  a  rough  condudor,  whether  they  were  originally  rub¬ 
bed  upon  it,  or  brought  to  it,  after  they  had  been  rubbed  upon 
a  fmooth  one,  they  fcarce  contraded  any  eledricity ;  though, 
when  they  were  feparated  from. one  another,  they  were  affeded 
as  before. 

Upon  this  principle,  Mr.  Cigna  endeavours  to  account  for  the 
non-excitation  of  a  globe  or  tube  from  which  the  air  is  exhaufl- 
ed,  or  which  is  lined  with  conduding  fubftances.  In  this  cafe, 
he  fays,  the  vitieous  eledricity  on  the  external  furface  of  the 
glafs  is  balanced  by  the  refinous  in  the  inward  coating,  or  in  the 
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vacuum  which  ferves  indead  of  a  coating;  and  therefore  it  is 
in  the  fituation  of  the  plates  of  glafs  while  they  lie  upon  the 
conductor  above-mentioned:  but  when  the  inward  coating  is 
taken  away,  the  eledricity  appears  on  the  outfide,  without  any 
frefli  excitation,  as  when  the  plates  were  removed  front  the  con- 
dudor 

When  he  laid  a  number  of  ribbons  of  the  fame  -colour  upon 
the  fmootli  condudor,  and  drew  his  ruler  over  them  ;  he  found, 
that  when  he  took  them  up  fingly,  they  all  gave  {parks,  at  the 
place  where  they  were  feparated,  as  the  lad  ribbon  did  with  the 
iinooth  plate,  and  had  all  acquired  the  rehnous  eledricity  t- 
If  they  were  all  taken  from  the  plate  together,  they  cohered 
in  one  mafs,  which,  on  both  hdes,  appeared  to  be  refinous.  If 
they  were  laid  upon  the  rough  condudor,  in  the  fame  order 
(whereby  the  oppofite  eledricities  were  brought  to  an  equili¬ 
brium)  and  they  werp  all  feparated  fingly,  beginning  with  the 
lowed,  fparks  appeared  as  before;  but  all  the  ribbons  had  ac¬ 
quired  the  vitreous  eledricity,  except  the  uppermod,  which  re¬ 
tained  the  refinous  eledricity  it  had  received  from  the  fndion  ijl. 

If  they  received  the  fridion  upon  the  rough  condudor,  and 
were  all  taken  up  at  once  (in  order  to  have  a  bundle  in  which 
the  oppofite  eledricities  were  balanced)  all  the  intermediate  rib¬ 
bons  acquired  the  eledricity,  either  of  the  higheft  or  the  lowed 
ribbon,  according  as  the  reparation  was  begun  with  the  highed,  or 
the  lowed. 

If  two  ribbons  were  -feparated  from  the  bundle  at  the  fame 
time,  they  clung  together;  and,  in  that  date,  diowed  no  fign 
of  eledricity,  as  one  of  them  alone  would  have  done.  When 
they  were  feparated,  and  the  different  eledricities  were  manifed, 
the  eledricity  was  obferved  to  redde  in  theoutermod,  and  was  op- 

*  Memoirs  of  the  Academy  at  Turin,  for  the  year  176^,  p.  54. 
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pofite  to  that  by  which  they  had  both  adhered  to  the  bundle, 
but  much  weaker 

He  placed  a  number  of  ribbons  upon  a  plate  of  metal, 
which  received  electricity  from  the  globe, ,  while  he  held  a  point¬ 
ed  body  to  the  other  Ikle  of  the  ribbons.  The  confequence 
was,  that  all  the  ribbons  became  poffeffed  of  the  eleCtricity  oppo- 
fite  to  that  of  the  plate,  or  of  the  fame,  according  as  they  were 
taken  off;  except  the  molt  remote,  which  always  kept  an  electri¬ 
city  oppofite  to  that  of  the  plate. 

From  thefe  experiments  he  infers,  that  as  electricity  is  propa¬ 
gated  from  the  outermoft  ribbon  to  thofe  underneath  it,  or  elfe 
from  the  plate  below  to  thofe  next  above  it,  when  they  are  fcpa- 
rated,  fo  likewife  when  the  coating  is  feparated  from  a  charged 
pane  of  glafs,  it  likewife  depolits  its  electricity  upon  the  fuperficies 
of  the  glafs,  the  phenomena  being  the  fame  in  both.  For  when 
he  put  metal  coatings  on  the  fide  of  a  plate  of  glafs,  without  any 
cement,  they  adhered  firmly  to  the  glafs  when  it  was  charged, 
and  a  light  appeared  upon  their  being  feparated  from  it,  as  in  the 
cafe  of  the  ribbons  f. 

When  he  coated  a  number  of  ribbons  in  the  fame  manner, 
and  charged  them,  the  coatings  adhered  firmly  to  the  ribbons ; 
but  he  could  never  feparate  one  of  them,  but  (in  confequence  of 
the  loofe  texture  of  the  filk)  a  fpark  would  go  to  the  oppofite  coat¬ 
ing,  which  immediately  fell  off,  the  whole  being  then  difcharged  ±. 

But  he  thought  the  coatings  did  not  depofite  all  their  eleClricity 
on  the  plate,  when  they  were  taken  off;  for  though,  when  both 
were  taken  off,  the  electricities  of  the  two  lides  fall  balanced  one 
another  (becaufe  each  retained  the  fame  diminifhed  quantity)  yet, 
when  one  fuperficies  of  the  glafs,  or  of  the  ribbons,  received  its 
eleClricity  from  friCtion,  and  the  other  only  from  the  oppofite 

*  Memoirs  of  the  Academy  at  Turin,  for  the  year  1)6$,  p.  61. 
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coating,  he  obferved,  that  the  electricities  which  balanced  one 
another  while  the  coating  was  on,  were  no  longer  balanced  when 
it  was  taken  off;  the  eledrkity  of  the  furface  which  was  rubbed 
then  prevailing,  becaufe  the  conducing  coating  had,  upon  its 
feparation,  taken  part  of  its  electricity  along  with  it  . 

To  confirm  this,  he  adds  another  experiment.  He  charged  a 
pane  of  glafs,  coated  on  one  fide,  while  the  other  received  elec¬ 
tricity  by  a  pointed  conductor  from  the  machine .  he  likewife 
inverted  the  plate,  and  made  the  coated  fide  communicate  with 
the  prime  condu&or,  while  a  pointed  piece  of  metal  was  prefented 
to  the  oppofite  lide ;  and,  in  both  cafes,  found,  that  while  the 
coating  remained,  the  two  eleClncities  balanced  one  another  \ 
but  that  when  the  coating  was  flipped  off,  the  eledlricity  of  the 
oppofite  fide  prevailed,  fo  as  to  be  apparent  on  both  fides  of  the 

plate  -f. 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765,  p.  65.  t  Ibid, 
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SECTION  VII, 

The  history  of  the  LEYDEN  PHIAL  continuum, 


GREAT  as  were  the  difcoveries  of  Dr.  Franklin  concern¬ 
ing  the  Leyden  phial,  he  left  fome  curious  particulars  for 
this  period  of  the  hiftory  of  electricity;  and  the  fubjeCt  is  by- 
no  means  exhaufted.  Many  of  the  properties  of  this  wonderful 
bottle^  as  the  DoCtor  calls  it,  are  ltill  unexplained.  But  as  more 
and  more  light  is  perpetually  thrown  upon  it,  let  us  hope  that, 
at  length,  we  fhall  thoroughly  underhand  this  great  experiment. 
The  greateft  difcovery  concerning  the  properties  of  the  Leyden 
phial,  in  this  period,  hath  already  been  related  in  the  account  of 
Meflrs.  Wilcke’s  and  iEpinus’s  method  of  giving  the  fhock  by 
means  of  a  plate  of  air ;  and  other  obfervations  have,  likewife, 
been  occafionally  mentioned,  in  places  where  their  connexion  re¬ 
quired  them  to  be  inferted.  This  fe&ion,  however,  will  con¬ 
tain  feveral  experiments  of  a  mifcellaneous  nature,  which  are 
well  worth  notice. 

Immediately  upon  the  difcovery  of  the  fhock  given  by  glafs, 
all  ’electricians  attempted  to  charge  other  eleCtric  fubftances,  but 
none  of  them  fucceeded  before  Signior  Beccaria.  He  found  that 
a  very  finooth  plate  of  fealing-wax,  made  by  pouring  that  fub- 
ftance,  when  melted,  upon  an  oiled  marble  table,  would  receive 
a  confiderable  charge*. 
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After  trying  feveral  other  electrics,  in  the  fame  manner,  he 
found  that  a  mixture  of  pitch  and  colophonia  was  charged  lefs 
than  fealing-wax,  but  more  than  fulphur,  and  a  great  deal  more 
than  pitch  alone 

But  the  moh  curious  experiment  of  this  philofopher,  relat¬ 
ing  to  this  fubjed,  was  made  with  a  view  to  afcertain  the  real 
direction  of  tliejeledric  fluid  in  a  difcharge.  He  fufpended  a  coat¬ 
ed  plate  of  glafs  by  a  filk  thread,  and  having  charged  it,  and 
kept  it  perfedly  hill ;  he  obferved  that  no  motion  was  given 
to  it,  when  the  difcharge  \yas  made  by  a  crooked  wire  approach¬ 
ing  both  the  hdes  at  the  fame  time.  The  experiment,  in  fad, 
proved  the  re-adion  of  the  glafs  upon  the  eledric  matter  ;  where¬ 
by  the  plate  were  kept  hill,  notwithhanding  the  fluid  rufhed 
with  great  violence  from  one  fide  to  the  other.  He  compares 
the  glafs  to  an  ivory  ball  placed  between  two  others,  which  keeps 
its  place,  when,  by  an  impulfe  given  to  one  of  them,  the  oppo- 
hte  ball  hies  off  •fa 

Mr.  Hartman  of  Hanover  has  published  an  account  of  a  cu¬ 
rious  experiment,  which  feems  to  fhow  the  progreffive  motion  of. 
the  eledrical  explofion.  He  pafles  a  fhock  through  a  great  num¬ 
ber  of  cannon  balls,  fometimes  to  the  number  of  forty,  placed, 
near  one  another,  upon  fmall  drinking-glafies ;  when  all  the. 
fparks  are  leen  at  the  fame  moment  of  time,  and  all  the  fnap- 
pings  make  but  one  report.  But  when  he  fubhitutes  eggs  inhead 
of  the  balls  of  metal,  the  progrefs  of  the  explofion  is  viffble, 
every  two  giving  a  fnap  and  a  fiaffi  feparately.  This  experiment 
requires  weather  very  favourable  to  eledricity,  and,  he  fays 
has  generally  fucceedcd  the  bell  with  only  ten  or  twelve  eggs  J. 
This  author  has  not  exprefsly  faid  in  which  diredion  the  fparks 
ran;  but  as  he  adopts  Dr.  Franklin’s-  hypothefis,  it  may  be 

*  Let'ere  dell’  clettricifmo,  p.  66.  f  Ibid,  p  72. 

J  Abhandlung,  p.  58,  •&<-. 

prefumed, 


I 


Fer.X.  Sec.  VII. 


the  LEYDEN  PHIAL.  269 

prefumed,  that  he  imagined  them  to  go  from  the  pofitive  to  the 
negative  fide  of  the  charged  glafs. 

A  very  ingenious  experiment  has  alfo  been  made  by  Mr. 
Amadeus  Lullin  of  Geneva,  in  order  to  afcertain  the  direction  of 
the  eledric  fluid  in  explofions,  and  which  he  thinks  comes  nearer 
to  the  experimentum  crucis  than  any  other.  He  placed  a  common 
card  in  the  circuit  of  the  eledrical  explofion,  while  the  wire  which 
communicated  with  the  pofitive  fide  of  the  jar  lay  on  one  fide  of 
it,  and  that,  which  communicated  with  the  negative  fide  lay  on 
the  other,  their  extremities  not  being  placed  oppofite  to  one  an¬ 
other,  but  at  fome  diflance.  Things  being  thus  circumftanced, 
he  obferved,  that  upon  making  the  difcharge,  the  card  was  con-  ' 
ftantly  pierced  clofe  to  the  extremity  of  the  wire  which  commu¬ 
nicated  with  the  negative  fide  of  the  jar,  as  if  the  eledric  fluid, 
rufliing  from  the  pofitive  fide  of  the  jar  into  the  wire  which  com¬ 
municated  with  it,  and  ifiuing  from  the  extremity  of  it,  was 
driven  by  its  own  impulfe  along  the  furface  of  the  card,  and 
did  not  pierce  it,  till  it  came  oppofite  to  the  extremity  of  the 
other  wire,  which  communicated  with  the  negative  fide,  by  which 
it  was  firongly  attraded  *. 

A  very  curious  and  elegant  experiment  on  the  Leyden  phial 
was  made  by  profefior  Richman  of  Peterfburgh,  whofe  unfor¬ 
tunate  death  will  be  related  in  this  hiflory. 

He  coated  both  Tides  of  a  pane  of  glafs,  within  two  or  three 
inches  of  the  edge,  and  faflened  linen  threads  to  the  upper  part 
of  the  coating,  on  both  fides-;  which,  when  the- plate  was  not 
charged,  hung  down  in  contad  with  the  coating ;  but  fctting  the 
plate  upright,  and  charging  it,  he  obferved,  that  when  neither  of 
the  fides  was  touched  by  his  finger,  cr  any  other  condudor 
communicating  with  the  earth,  both  the  threads  were  repelled  . 

• 

*  Di/Temtio  Pyyfica,  p.  24.. 
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from  the  coating,  and  flood  at  an  equal  diflance  from  it;' but 
when  he  brought  his  finger,  or  any  other  condudor,  to  one  of 
the  fides,  the  thread  hanging  to  that  fide  fell  nearer  to  the 
coating,  while  the  thread  on  the  oppofite  fide  receded  as  much  ; 
and  that  when  his  Bnger  was  brought  into  contad  with  one 
of  the  fides,  the  thread  on  that  fide  fell  into  contact  with  it  like- 
wife,  while  the  thread  on  the  oppofite  fide  receded  to  twice  the 
diflance  at  which  it  hung  originally  ;  fo  that  the  two  threads 
always  hung  fo  as  to  make  the  fame  angle  with  one  another  *. 

iEpiNus  fhows,  that  it  is  not  flridly  true,  that  an  infulated 
perfon,  difcharging  the  Leyden  phial  through  his  own  body,  con¬ 
tracts  no  eledricity.  Eledrifying  a  large  plate  of  air,  he  observ¬ 
ed,  that  if  the  nearer  plate,  (by  which  I  fuppole  he  means 
that  which  he  hrfl  touched)  was  eledrified  pofitively,  he  acquir¬ 
ed  a  pofitive  eledricity  by  the  difeharge ;  but  if  it  were  negative, 
he  acquired  a  negative  eledricity.  He  fuppofes  that  the  reafon 
why  the  experiment  did  not  fucceed  with  Dr.  Franklin,  was,  that 
the  furfaces  with  which  he  tried  the  experiment  were  not  large 
enough  to  make  the  effed  fenfible  ;  and  that  the  diflance  of  the 
metal  plates  was,  likewife,  too  fmall,  as  it  neceflarily  muft  be 
in  charging  of  glafsf. 

Mr.  Cigna  has  invented  a  new  method  of  charging  a  phial, 
upon  the  principle  difeovered  by  Mr.  Canton  and  Mr.  Wilcke,  viz. 
that  the  eledricity  of  one  body  repels  that  of  another,  efpecially 
if  it  have  a  flat  furface,  and  gives  it  the  contrary  eledricity. 

He  infulates  a  fmooth  plate  of  lead,  and  while  he  brings 
an  eledrified  body,  as  a  flocking,  to  it,  he  takes  a  fpark  with 
the  wire  of  a  phial  from  the  oppofite  fide ;  and  removing  the 
flocking,  he  takes  another  fpark  with  his  finger,  or  any  con- 
dudor  communicating  with  the  ground.  Bringing  the  flock- 
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mg  nearer  the  plate  a  fecond  time,  he  takes  a  fecond  fpark,, 
with  the  wire  of  the  phial,  as  before;  and,  removing  it  again, 
takes  another,  in  the  fame  manner,  with  his  finger.  This  ope¬ 
ration  he  continues,  till  the  phial  is  charged ;  which,  in  favour¬ 
able  weather,  may  be  done  with  very  little  diminution  of  the 
electricity  of  the  Hocking  *. 

If,  inffead  of  taking  a  fecond  fpark  with  his  finger,  he  had 
taken  it  with  the  wire  of  another  phial,  that  would  have  been 
charged  likewife,  with  no  additional  labour,  and  with  an  ele&ri- 
city  oppofite  to  that  of  the  other  phial.  If  the  fecond  fpark 
were  taken  with  the  coating  of  the  fame  phial,  the  charging 
would  be  accelerated,  but  the  operation  would  be  troublefome  to- 
manage. 

The  theory  of  this  new  method  of  charging  a  phial  is  very 
eafy,  upon  the  principle  referred  to  above.  The  approach  of  the 
eledricity  in  the  Hocking,  not  being  able  to  enter  the  broad 
fmooth  furface  of  the  metal,  drives  the  eledric  fluid  out  of  that 
part  of  the  plate  which  is  oppofite  to  it,  to  the  other  fide, 
which,  being  thereby  overcharged,  will  part  with  its  fuperfluity 
to  the  wire  of  the  phial.  The  Hocking  being  taken  away,, 
the  plate  will  have  lefs  than  its  natural  fhare  of  the  eledric- 
fluid,  and  will  therefore  readily  take  a  fpark,  either  from  the 
finger,  or  the  wire  of  another  phial  f. 

The  fame  ingenious  philofopher  makes  a  confiderable  differ¬ 
ence  between  the  electric  fluid  which  gives  the  fhock,  and. 
that  on  which  fome  other  phenomena  of  coated  glafs  depend. 
The  former,  which  is  far  the  greateff  quantity,  he  fuppofes  to  re- 
fide,  either  in  the  coating  itfelf,  or  on  the  furface  of  the  glafs ; 
whereas  the  other,  he  imagines,  to  have  entered  the  pores,  and. 
affeded  the  fubffance  of  the  glafs  itfelf.. 


*  Memoirs  of  the.  Academy  at  Turin  for  the  year  1765,  p,  49. 
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He  laid  two  plates  of  glafs,  well  dried,  one  upon  the  other, 
as  one  piece ;  the  lower  of  them  being  coated  on  the  outride  ; 
and,  when  they  were  infulated,  he  alternately  rubbed  the  upper- 
moft  plate  with  one  hand,  and  took  a  fpark  from  'the  coating 
of  the  lower  with  the  other,  till  they  were  charged ;  when  the 
coating,  and  both  the  plates  adhered  firmly  together.  Giving  a 
coating  to  the  other  fide,  and  making  a  communication  between 
that  and  the  other  coating,  the  ufual  explofion  was  made.  But 
the  plates,  though  thus  difeharged,  hill  cohered  ;  and  though, 
while  they  were  in  this  flate,  they  fhowed  no  other  fign  of  elec¬ 
tricity  ;  yet,  when  they  were  feparated,  they  were  each  of  them 
found  to  be  poffeffed  of  an  eledricity  oppofite  to  that  of  the 
other. 

If  the  two  plates  were  feparated  before  they  were  difeharged, 
and  the  coating  of  each  were  touched,  a  fpark  came  from  each ; 
and  when  put  together,  they  would  cohere  as  before,  but  were 
incapacitated  for  giving  a  fhock  *. 

He,  therefore,  compares  the  eledricity  which  gives  the  fhock 
to  the  eledricity  of  the  metal  plate  in  the  former  experiment ; 
which  is  loft  with  taking  one  fpark,  as  the  filk  is  removed  from 
it,  and  is  different  from  the  eledricity  by  which  the  two  plates 
of  glafs  cohere.  The  one  is  difperfed  at  once,  but  the'  other 
flowly ;  the  one  exifting,  as  he  fuppofes,  in  the  condudors,  or 
upon  the  furfaces  of  the  eledrics,  and  the  other  in  the  fub- 
fhmee  itfelf  f* 

Among  experiments  relating  to  the  eledric  fhock,  we  ought 
to  mention  what  has  been  obferved  within  this  period  of  its 
amazing  force  in  melting  wires,  and  producing  other  furprifmg 
effeds. 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765,  p.  55. 
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That  even  artificial  ele&ricity,  fays  Dr.  Watfon,  in  a  paper 
read  at  the  Royal  Society  June  28th,  j  764,  when  in  too  great  a 
quantity,  and  hurried  on  too  faft,  through  a  fine  iron  wire,  has 
a  remarkable  effedt  upon  the  wire,  appears  from  a  very  curi¬ 
ous  experiment  of  Mr.  Kinnerfley.  This  gentleman,  in  the 
prefence  of  Dr.  Franklin,  made  a  large  cafe  of  bottles  explode  at 
once  through  a  fine  iron  wire.  The  wire  at  firft  appeared  red- 
hot,  and  then  fell  into  drops,  which  burned  themfelves  into  the 
furface  of  his  table  or  floor.  Thefe  drops  cooled  in  a  fphe- 
rical  figure  like  very  fmall  Ihot,  of  which  Dr.  Franklin  tranf- 
mitted  fome  to  Mr.  Canton,  who  repeated  the  experiment. 
This  proves  thefufion  to  have  been  very  complete  ;  as  nothing  lefs 
than  the  molt  perfect  fluidity  could  give  this  figure  to  melted 
iron. 

Mr.  Canton,  in  a  note  fubfcribed  to  the  fame  paper,  ob- 
ferves,  that  the  diameter  of  a  piece  of  Mr.  Kinnerfley’s  wire, 
which  he  received  from  Dr.  Franklin,  was  one  part  in  18?  of 
an  inch.  He  adds,  that  artificial  lightning,  from  a  cafe  of  thirty- 
five  bottles,  would  entirely  deftroy  brafs  wire,  of  one  part  in  330 
of  an  inch.  At  the  time  of  the  ftroke,  he  fays,  a  great  number  of 
fparks,  like  thofe  from  a  flint  and  Heel,  would  fly  upwards, 
and  laterally,  from  the  place  where  the  wire  was  laid,  and  lofe 
their  light,  in  the  day-time,  at  the  difiance  of  about  two  or  three 
inches.  After  the  explofion,  a  mark  appeared  on  the  table,  the 
whole  length  of  the  wire,  and  fome  very  round  particles  of  brafs 
were  difcovered  by  a  magnifier  near  the  mark,  but  no  part  of  the 
wire  itfelf  could  be  found  **. 

Signjor  Beccaria  was  able  to  melt  fmall  flips  of  metal,  with¬ 
out  inclofing,  or  covering  them  with  pieces  of  glafs.  But  he 
thought  that  the  fame  colour  was  impreffed  upon  glafs  by  all  the 
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metals ;  and  imagined  that  this  circumflance  was  a  trace  of  the 
fundamental  principles  being  the  fame  in  them  all  . 

Mr.  Dalibard  obferved,  that,  when  a  large  pane  of  glafs 
difcharged  itfelf,  the  poll  Ha  was  taken  off  at  the  place  of  the 
difcharge,  and  that  the  track  it  left  behind  it  was  ufually,  as 
he  exprefles  it,  in  the  zig  zag  form.  With  the  piece  of  glais 
with  which  he  made  thefe  difcharges  he  pierced  160  leaves  of 
paper.  It  contained  1200  fquare  inches  t* 

Mr.  Wilcke  fays,  that,  if  a  fmall  piece  of  metal  be  hung 
in  a  fmall  fdken  firing,  oppofite  to  a  part  of  a  glafs  jar,  made 
thin  for  the  purpofe;  upon  the  fpontaneous  difcharge  through 
that  place,  the  piece  of  metal  will  be  driven  off  to  the  diflance 
of  five  or  fix  inches 

Mr.  Winkler  fired  the  feeds  of  clubmofs  (lycopodium)  by  dif- 
charging  a  phial  through  a  quantity  of  them.  lie  alfo  fired  the 
minim  fulminans  placed  upon  a  piece  of  parchment,  which  was 
torn  to  pieces  by  the  explofion  §. 

By  the  eleflric  fliock,  Signior  Beccaria  could  melt  borax  and 

glafs.  But  the  mod  remarkable  of  his  experiments  with  the 

eleflric  fhock  are  thofe  by  which  he  revivified  ?netals.  This  he 

did  by  making  the  explofion  between  two  pieces  of  the  calces.  In 

this  manner  he  revivified  feveral  of  the  metals,  and  among 

others,  zink.  He  even  produced  real  quickfilver  from  cinnabar  |j. 

[n  this  cafe  of  revivification,  he  always  obferved  flreaks  of  black 

beyond  the  coloured  metallic  ftains,  owing,  as  he  imagined, 

to  the  phlogiflon  driven  thither  from  the  parts  that  were  vitrified, 

when  the  other  part  revivified  the  calx  . 

* 

*  Elettricifmo  artificiale,  &c.  p.  134,  134.  4  Hiftoire  abrigee,  p.  84. 

J  Remarks  on  Franklin’s  Letters,  p.  266. 

§  Phil.  Tranf.  Vol.  xxxviii.  pt.  ii.  p,  773, 

|(  Letteredell’  elettricifmo,  p.  282.  Ibid.  p.  255. 
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Another  curious  experiment  he  made  with  the  elcdfric  fhock, 
by  difeharging  it  through  fome  brafs-duft,  fprinkled  between 
two  plates  of  foaling- wax.  The  whole  was  perfectly  luminous 
and  tranfparent  A  An  experiment  which  throws  fome  light  upon 
one  of  Mr.  Haukfbee’s. 

With  the  eledlric  fhock  he  alfo  made  that  capital  experiment, 
on  which  he  lays  fo  much  ftrefs  in  his  theory  of  thunder  ftorms, 
and  by  which  he  proves,  that  the  elcdtric  matter  forces  into 
its  paffage  all  light  conducting  fubftances;  by  means  of  which 
it  is  enabled  to  pafs  through  a  quantity  of  refitting  medium, 
.which  it  could  not  otherwife  do.  Lie  put  a  narrow'  piece  of  leaf 
filver  between  two  plates  of  wax,  laying  it  acrofs  the  plates,  but 
fo  as  not  quite  to  reach  one  of  the  hides.  The  difeharge  being 
made  through  this  ftrip  of  metal,  by  bringing  a  wire  oppofite  to 
the  filver,  at  the  place  where  it  was  difeontinued ;  the  filver  was 
found  melted,  and  part  of  it  difperfed  all  along  the  track  that  the 
elcdtric  matter  took,  between  the  plates  of  wax,  from  the  filver 
to  the  wiref.  An  accident  gave  him  occafion  to  obferve  another 
fadt  of  a  fimilar  nature.  He  once,  inadvertently,  received  the 
charge  of  a  fmall  jar,  -through  fome  fmoke  of  fpirit  of  nitre; 
when  a  hole  was  made  in  his  thumb,  where  the  fire  entered  ;  and 
which  he  thought  could  only  have  been  made  by  the  nitre, 
which  was  carried  along  with  the  eledtric  fluid  J. 

Violently  as  the  eledtric  explofion  generally  afFedts  the  hu¬ 
man  body,  we  have  accounts  of  fome  perfons  who  could  not 
be  made  to  feci  it ;  particularly  three  or  four  mentioned  by 
Mr.  Mufchenbroeck,  among  whom  was  a  young  woman  §.  I 
have  alio  been  told,  that  this  was  the  cafe  with  a  perfon  near 
Leeds,  who  was  at  the  fame  time  a  little  paralytic. 

Lettcre  dell’  elettricifmo,  p.  257.  t  Ibid.  p.  24S,  J  Ibid.  p.  249. 

§  Monthly  Review,  October  1767,  p.  250. 
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I  shall  clofe  the  hidory  of  the  Leyden  phial  for  this  period 
with  the  accounts  of  fome  extremely  curious  fads,  which  Mr. 
Canton  gives  me  leave  to  publilh  relating  to  this  fubjed.  They 
certainly  deferve  the  utmod  attention  of  philofophers,  and  may 
probably  throw  fome  light  upon  the  eledricity  of  the  tourmalin. 

He  procured  fome  thin  glafs  balls,  of  about  an  inch  and 
a  half  in  diameter,  with  flems  or  tubes  of  eight  or  nine  inches 
in  length,  and  eledrified  them,  fome  pofitively  on  the  infide, 
and  others  negatively,  after  the  manner  of  charging  the  Leyden 
phial,  and  then  fealed  them  hermetically.  Soon  after,  he  ap¬ 
plied  the  naked  balls  to  his  eledrometer,  and  could  not  difcover 
the  lead  fign  of  their  being  eledrical  :  but  holding  them  to  the 
lire,  at  the  diflance  of  live  or  fix  inches,  they  became  drongly 
eledrical,  in  a  very  fhort  time,  and  more  fo  when  they 
were  cooling.  Thele  balls  would,  every  time  they  were 
heated,  give  the  eledric  fire  to,  or  take  it  from  other  bodies 
according  to  the  plus  or  minus  fiate  of  it  within  them.  Heat¬ 
ing  them  frequently,  he  found,  would  fenfibly  diminidi  their 
power  ;  but  keeping  one  of  them  under  water  a  week  did  not 
appear  in  the  lead  to  impair  it.  That  which  he  kept  under 
water  was  charged  the  22d  of  September  1760,  w^as  feveral 
times  heated  before  it  w^as  kept  in  water,  and  had  been  heated 
frequently  afterwards;  and  yet  it  ftill  retained  it3  virtue  to  a 
confiderable  degree,  on  the  3  id  of  Odober  following,  when  he 
fent  an  account  of  it  to  Dr.  Franklin.  The  breaking  two  of 
his  balls  accidentally  gave  him  an  opportunity  of  meafuring  their 
thick nefs,  which  he  found  to  be  between  feven  and  eight  parts  in 
1000  of  an  inch. 

ike  balls  mention  in  the  account  above,  which  was  v/ritten 
fix  years  ago,  dill  *  retain  their  virtue,  but  in  a  lefs  degree. 

Mr.  Lullin  alfo  found,  that  a  glals  tube  charged,  and  herme¬ 
tically  ieaied,  would  fhow  figns  of  eledricity  when  it  was  heated  ']'♦ 

*  In  1769,  f  Diflertalio  Phyfica,  p.  32, 
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Experiments  and  observations  concerning  ELECTRIC 

LIGHT,. 


MY  reader  has  been  informed  of  the  neceffity  I  was  under  of 
dividing  the  bufmefs  of  this  period  of  my  hiftory  into 
feveral  parts.  He  has  already  feen  titles  which  he  could  not 
have  expeded  from  the  divifions  of  the  preceding  periods,  but 
he  would  perhaps  leaf!  of  all  expect  a  diftind  fedion  upon  eledric 
light;  and  yet  the  experiments  and  obfervations  which  have 
been  made,  immediately  relating  to  this  fubjed,  are  fo  many, 
that  they  deferve  a  place  by  themfelves*  And  I  would  rather  err 
by  making  too  many  fubdivifions,  than  too  few  ;  becaufe,  above 
all  things,  I  would  with  to  preferve  perfpicuity,  which  is  chiefly 
injured  by  crowding  together  things  diflimilar. 

Many  experiments  had  been  made  very  early,  by  Mr.  Haukfbee 
and  others,  on  eledricity,  and  particularly  eledric  light,  in  va¬ 
cuo;  but  fo  little  was,  at  that  time,  known  of  the  nature  of 
eledricity  in  general,  that,  comparatively,  little  ufe  could  be 
made  of  thofe  experiments.  Very  fortunately,  Dr.  Watfon  hap¬ 
pened  to  turn  his  thoughts  that  way,  after  the  great  difcovery 
of  the  accumulation  of  eledricity  in  the  Leyden  phial ;  and  by  this 
means  he  difcovered,  that  our  atmofphere,  when  dry,  is  the  agent 
by  which,  with  the  afliftance  of  other  eledrics  per  fe,  we  were 
enabled  to  accumulate  eledricity  upon  non-eledrics  (he  might 

have 
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have  added  electrics  too),  that  is,  to  communicate  to  them  a 
greater  quantity  of  electricity  than  thofe  bodies  naturally  have. 
That  upon  the  removal  of  the  air,  the  eleCtric  fluid  pervaded  the 
vacuum  to  a  confiderable  diflance,  and  manifefted  its  effeCts 
upon  any  non-ele&ric  fubftances  by  which  it  Was  terminated. 

This  he  demonftrated  by  one  of  the  moil  beautiful  experi¬ 
ments  which  the  whole  compafs  of  electricity  yet  exhibits.  He 
exhaufted  a  glafs  cylinder,  three  feet  in  length,  and  three  inches 
in  diameter,  with  a  contrivance  to  let  down  a  brafs  plate,  as  far 
as  he  pleafed,  into  it ;  in  order  to  make  it  approach  another  plate, 
fixed  near  the  bottom  of  the  veil'd. 

This  cylinder,  thus  prepared,  he  infulated,  and  obferved, 
that  when  the  upper  plate  was  ele&rified,  the  eleCtric  matter 
would  pafs  from  one  plate  to  another,  at  the  greateft  diflance  to 
which  the  brafs  plates  could  be  drawn;  and  that  the  brafs  plate  at 
the  bottom  of  the  cylinder  was  Arongly  electrified,  as  if  a  wire  had 
connected  it  with  the  prime  conductor.  It  was  a  molt  de¬ 
lightful  fpeCtacle,  he  fays,  when  the  room  was  darkened,  to  fee 
the  eleCtric  matter  in  its  pafiage  through  this  vacuum;  to  obferve, 
not  as  in  the  open  air,  fmall  brulhes  or  pencils  of  rays,  an 
inch  or  two  in  length,  but  corufcations  of  the  whole  length  of 
the  tube,  and  of  a  bright  fllver  hue.  Theie  did  not  immediately 
diverge,  as  in  the  open  air,  but  frequently,  from  a  bafe  appa¬ 
rently  flat,  divided  themfelves  into  Id's  and  Id's  ramifications,  and 
reiembled  very  much  the  moll  lively  corufcations  of  the  aurora 
borealis. 

>«.  '  4  .  >  t  *  j  ,  ...  •  Ml  ‘  1  . 

Sometimes  he  'obferved,  that  when  the  tube  had  been  ex- 
.  haufled  in  the  moft  perfect  manner,  the  eleCtric  fluid  was  feen 
to  pafs  between  the  brafs  plates  in  one  continued  flream,  oi 
the  fame  dimenfions  throughout  its  whole  length ;  which  he 
thought  demonftrated,  that  the  caufe  of  that  very  powerful 
'  mutual  repulfion  of  the  particles  of  eleClric  fire,  which  is  feen 

in 
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in  the  open  air,  is  more  owing  to  the  refiftance  of  the  air,  than 
to  any  natural  tendency  of  the  electricity  itfelf.  For,  in  the  open 
air  we  obferve  that  thefe  brufhes,  when  the  eledricity  is  ftrong, 
diverge  fo  much,  as  to  form  almoft  a  fpherical  figure  *. 

He  made  this  vacuum  part  of  a  circuit  necefiary  to  make  the  dif- 
charge  of  a  phial ;  and,  at  the  inflant  of  the  explofion,  there  was 
feen  a  mafs  of  very  bright  embodied  fire,  jumping  from  one  of 
the  brafs  plates  in  the  tube  to  the  other.  But  this  did  not 
take  place  when  one  of  the  plates  was  farther  diflant  from  the 
other  than  ten  inches.  If  the  difiance  was  greater,  the  fire  be¬ 
gan  to  diverge,  and  lofe  part  of  its  force  :  and  this  force 
diminifhed  in  proportion  to  its  divergency,  which  was  nearly  as 
the  diflance  of  the  two  plates. 

To  find  a  more  perfed  vacuum  for  the  paffage  of  the  eledric  „ 
fluid,  he  had  recourfe  to  an  excellent  invention  of  Lord  Charles 
C'avendifh ;  who,  by  means  of  a  Icing  bent  tube  of  glafs,  filled 
with  mercury,  and  inverted,  made  all  the  bended  part  of  it  (which' 
was  above  the  mercury)  the  moft  perfect  vacuum  that  can  be  made. 
This  vacuum  Dr.  Watfon  infulated,  and  one  of  the  bafons  of  the 
mercury  being  made  to  communicate  with  the  conductor,  when 
fome  non-eledric  fubftance  touched  the  other,  the  eledric  matter 
pervaded  the  vacuum  in  a  continued  arch  of  lambent  flame,  and,' 
as  far  as  the  eye  could  follow  it,  without  the  lead  divergency. 

Connecting  one  of  the  bafons  with  the  machine,  which  was 
infulated,  the  fire  was  feen  pervading  the  vacuum  in  a  contrary 
diredion.  And  this  he  confidered  as  the  experimentum  crucis  of 
two  principles  which  he  had  advanced  before,  viz.  that  eledri- 
city  is  furnifhed  to  the  condudor,  not  by  the  excited  eledric,  but 
from  the  non-eledrics  in  contad  with  the  rubber  ;  and  that  we 
are  able  to  take  from,  or  add  to  that  quantity  of  eledricity,  which 
is’ naturally  inherent  in  bodies. 


*  Phil.  Tranf.  Vol.  xlvii.  p.  367. 
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He  alfo  obferved,  that  if,  in  the  fore-mentioned  circum- 
fiances,  the  hand  of  a  perfon  (landing  upon  the  floor  was  brought 
near  the  fide  of  the  glafs,  the  corufcations  would  dart  themfelves 
that  way  in  a  great  variety  of  forms,  extremely  curious  to  be¬ 
hold.  -  •  .  y 

But  the  Dodor  found,  that  even  this  vacuum  did  not  con¬ 
duct  fo  perfectly  as  metals,  or  water  ;  becaufe  a  perfon  (landing 
upon  the  floor,  and  applying  his  finger  to  the  upper  brafs  plate, 
received  a  fmart  flroke.  This  he  conceived  toarife  from  the  elec¬ 
tricity  of  the  brafs  being  fo  much  more  rarefied  than  that  of  the 
body  of  the  man  who  applied  his  finger  *. 

Mr.  Wilson  engaged  Mr.  Smeaton,  the  inventor  of  a  new 
and  more  perfed  kind  of  air-pump,  to  make  fome  eledrical 
experiments  in  vacuo  The  following  is  the  account  of  them 
that  he  tranfmitted  to  Mr.  Wilfon.  They  are,  in  feveral  refpeds, 
fimilar  to  thofe  made  by  Dr.  Watfon,  and  yet  are  attended  with  a 
confiderable  variety  of  new  circumftances. 

A  glass  veflel,  about  one  foot  in  length,  and  eight  inches  in 
its  greateft  diameter,  open  at  both  ends,  had  one  of  its  ends  clofed 
by  a  brafs  ferule,  which  conflituted  one  of  the  centers  on  which 
it  turned  ;  the  other  end  was  clofed  with  a  metal  plate.  In  the 
center  of  this  plate  was  a  fquare  ftem,  which  was  applied  to 
the  arbor  of  a  lath,  by  which  the  glafs  was  turned  round.  On 
one  fide  of  this  lad  plate  was  fixed  a  cork,  by -means  of  which  the 
glafs  was  ferewed  upon  the  air-pump. 

Upon  rarefying  the  air  within  the  glafs  about  500  times,  and 
afterwards  turning  the  glafs  in  the  lath,  whilfl,  at  the  fame  time, 
it  was  rubbed  with  his  hand;  a  confiderable  quantity  of  lam¬ 
bent  flame,  variegated  with  all  the  colours  of  the  rainbow,  ap¬ 
peared  within  the  glafs,  under  the  hand.  This  light  was  pretty 

*  Phil.  Tranf.  Vcl,  xlvii.  p.  3-3. 
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Ready  in  every  refped,  except  that  every  part  of  it  was  perpe¬ 
tually  changing  colour. 

When  a  little  air  was  let  into  the  glafs,  the  light  appeared  more 
vivid,  and  in  a  greater  quantity,  but  was  not  fo  Ready :  for  it 
would  frequently  break  out  into  a  kind  of  corufcations,  like 
lightning,  and  fly  all  about  within  the  glafs.  When  a  little  more 
air  was  let  in,  the  flafliing  was  continual,  and  flreams  of 
blueifh  light  Teemed  to  ifiue  from  under  his  hand,  within  the 
glafs,  in  a  thoufand  forms,  with  great  rapidity  ;  and  appeared 
like  a  cafcade  of  fire.  Sometimes  it  feemed  to  fhoot  out  into  the 
forms  of  trees,  mofs,  &c. 

‘  When  more  air  was  let  in,  the  quantity  of  light  was  dimi- 
iiiftied,  and  the  flreams  compofing  the  flafhes  narrower.  The 
glafs  now  required  a  greater  velocity,  and  harder  fridion.  Thefe 
'circumflances  increafed  as  more  air  was  let  in  ;  fo  that,  by  fuch 
time  as  the  glafs  was  one  third  full  of  air,  thefe  corufcations  quite 
vanifhed,  and  a  much  fmaller  quantity  of  light  appeared  partly 
within,  and  partly  without  the  glafs.  And  when  all  the  air  was 
let  in,  the  light  appeared  wholly  without  the  glafs,  and  much  lefs 
in  quantity  than  when  the  glafs  was  in  part  exhaufled  *. 

Mk.  Canton,  in  repeating  Dr.  Watfon’s  experiment  with  the 
Torricellian  vacuum,  obferved  one  eircumflance  attending  it, 
which  throws  great  light  upon  the  Leyden  phial.  He  obferved, 
that  when  the  excited  tube  was  brought  near  one  of  the  bafons 
of  this  machine  (infulated)  a  light  was  feen  through  more  than 
half  of  the  vacuum ;  which  foon  vanifhed,  if  the  tube  was  not 
brought  nearer,  but  which  appeared  again  as  it  moved  farther 
off;  and  that  this  appearance  might  be  repeated  feveral  times, 
without  exciting  the  tube  afrefh. 

*  .Wilfon’s  ETiay,  p.  216. 
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This  experiment  he  confidered  as  a  kind  of  oculai  demonftra- 
lion  of  the  truth  of  Dr.  Franklin’s  hypothetic,  that  when  the  elec¬ 
tric  fluid  was  condenfed  on  one  fide  of  the  glals,  it  was  repelled 
from  the  other,  if  it  met  with  no  refinance.  Thus,  at  the  ap¬ 
proach  of  the  excited  tube,  he  fuppofed  the  fire  to  be  repelled 
from  the  infide  of  the  glafs  furrounding  the  vacuum,  and  to  be 
carried  off  through  the  columns  of  mercury,  but  to  return  again 
as  the  tube  was  withdrawn  *• 

This  curious  experiment  Mr.  Canton,  as  he  informed  me, 
fbowed  and  explained  to  Mr.  Wiifon;  who  afterwards  expatiated 
upon  it,  in  a  book  publifhed  by  him  and  Dr.  Hoadley  in  con- 
jundion,  intitled  Obfervations  on  a  Series  of.  Electrical  Experi¬ 
ments  j  in  a  note  of  which,  p.  28,  he  fays,  “  Mr.  Canton  Ji  as 
44  taken  notice  of  this  vanifhing  and  returning  of  the  light.. 

Mr.  Canton  has  fince  diverfified  this  beautiful  experiment, 
by  bringing  the  excited  tube  to  another  glafs  tube,  exhaufted,  and 
hermetically  fealed  j  by  which  means  he  exhibits  the  perfed  ap** 
pearance  of  an  aurora  borealis.  The  flame  from  one  of  its  extre¬ 
mities,  which  is  in  a  manner  coated  by  the  hand  which  holds  k, 
will  dart  to  the  other  extremity,  at  uncertain  intervals  of  time, 
for  near  a  quarter  of  an  hour  together,  without  repeating  the  ap¬ 
plication  of  the  excited  tube. 

When  it  was  generally  agreed  among  eledricians,  that  what 
had  been  called  vitreous  and  refinous  eledricity  were  in  reality 
a  redundancy  of  the  eledric  fluid  in  one  cafe,  and  a.  deficiency  in 
the  other ;  and  when,  in  confequence  of  this  fuppofition,  the  one 
was  called  pofitive,  and  the  other  negative  eledricity ;  there 

hill  remained  fome  doubt  which  of  the  two  was  pofitive,  and 

'  ' 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  i.  p.  356.  It  has  been  feen  p.  76,  that  this  obferva- 
tion,  of  the  return  of  the  eledlric  light  in  <vacue ,  was  made  before  the  difeovery  of  the 
Leyden  phial  by  Mr.  Grummert  of  Biala  in  Poland  ;  but  this  was  unknown  both  to  Dr. 
Y/atfon  and  Mr.  Canton. 
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which  negative.  Mr.  Wilfon,  in  a  paper  read  at  the  Royal  So¬ 
ciety,  December  the  6th,  1 759,  recites  an  experiment  which,  he 
thought,  put  the  matter  beyond  all  difpute,  and  abfolutely  deter¬ 
mined,  that  what  had  been  called  vitreous  was  really  pofitive> 
and  What  had  been  called  refmous  was  negative;  as,  indeed, 
had  generally  been  fuppofed,  though,  as  Mr.  Wilfon  thought, 
without  fufficient  reafon,  notwithftanding  what  had  been  ad¬ 
vanced  by  Dr.  Franklin,  and  Mr.  Canton  upon  that  fubjed. 

Repeating  the  beautiful  experiment  mentioned  before,  as  firfl 
contrived  by  Lord  Charles  Cavendifh,  he  fays  he  attended  to  a 
circumftance  which  feemed  to  have  been  overlooked  by  Dr.  Wat- 
fon,  who  publifhed  the  account  of  it.  This  was  a  fmgular  ap¬ 
pearance  of  light  upon  one  of  the  furfaces  of  the  quickfdver. 
To  obferve  this  remarkable  appearance  to  more  advantage,  Mr. 
Wilfon  let  a  fmall  quantity  of  air  into  the  tube,  by  which  means 
four  columns  of  quickfdver  were  obtained,  and  confequently  fix 
vifible  furfaces,  in  one  of  the  legs  of  the  inverted  tube.  He 
then  eledrified  the  mercury  in  the  other  leg,  while  the  mercury 
on  the  oppofite  fide  had  a  communication  with  the  earth,  when, 
the  room  being  dark,  the  dream  of  eledric  light  was  vifible 
through  the  whole  length  of  the  vacuum,  and  its  general  appear¬ 
ance  was  of  a  feeming  uniform  denfity ;  except  at  the  upper  fur¬ 
faces  of  each  column,  where  about  one  tenth  of  an  inch  above  the 
furface,  the  light  was  always  confiderably  brighter ;  whereas 
the  under  furfaces  exhibited  no  fuch  appearance,  the  light  being 
rather  lefs  bright  in  thofe  places  than  in  the  general  appearance  of 
the  whole  illuminated  vacuum. 

This  luminous  appearance  Mr.  Wilfon  afcribed  to  the  refiftance 
the  fluid  met  with  at  the  upper  furface  of  the  quicktllver,  in  en¬ 
deavouring  to  get  into  it.  He  therefore  inferred  that  excited 
glafs  eledrified  bodies  pofitively,  or  gave  them  a  greater  quantity 
of  the  eledric  fluid  than  they  had. 

O  o  2 
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Electrifying,  in  the  fame  place,  with  a  cylinder  of  rofin, 
inftead  of  glafs,  the  luminous  appearances  were  all  on  the  un¬ 
der  furfaces  of  the  columns  of  quickfilver ;  from  which  he 
inferred,  that  rofin  eledrified  bodies  negatively,  depriving  them 
of  part  of  the  eledric  fluid  which  they  naturally  had ;  or,  as  he 
expreffes  it,  occafioning  a  current  of  eledric  fluid  to  fet  the  con¬ 
trary  way. 

These  luminous  appearances,  Mr.  Wilfon  alfo  confidered,  as 
a  ftrong  confirmation  of  the  exiftence  of  a  medium ,  at  or  near 
the  furfaces  of  bodies,  which  hindered  the  entrance  or  exit  of  the 
eledric  fluid.  A  dodrine  which  Mr.  Wilfon  had  advanced,  and 
laid  great  ftrefs  upon  on  feveral  other  occafions  *. 

The  arguments  which  to  Mr.  Wilfon  appeared  conclufive,  in 
proof  of  what  is  commonly  fuppofed,  that  glafs  eledrifies  plusy 
and  fulphur,  &c.  minus ,  did  not  appear  fo  to  Mr.  iEpinus ;  though 
he  acknowledges  that  the  knobs  of  light  in  the  vacuum  did,  in 
common  with  many  other  appearances,  prove  a  real  difference 
between  the  two  eledricities  ;  and  thought  that  it  was  very  eafy 
to  conceive,  that  when  an  elaftic  fluid  iflues  from  a  body,  it  fhould 
be  denfer  near  the  furface  from  whence  it  iflues,  than  where 
it  finds  more  liberty  to  expand  itfelf.  He  might  have  added, 
that  this  might  have  been  expeded,  from  the  mutual  attradion 
which  is  fuppofed  to  fubfifl:  between  the  eledric  fluid,  and 
other  bodies.  But  ikpinus  did  not  exprefsly  mention  this  circum- 
ftance.  Mr.  Wilfon,  therefore,  makes  light  of  the  objedion  ;  and 
adds,  that  when  he  related  the  experiment  with  the  bent  tube, 
in  his  letter  to  Dr.  Heberden,  he  omitted  fome  phenomena  at¬ 
tending  the  fad,  which  greatly  favoured  the  dodrine  he  ad¬ 
vanced.  If,  fays  he,  when  glafs  is  eledrified,  and  applied  to  the 
firft  column,  we  fuffer  the  eledric  fluid  to  pafs  along  the  tube  in 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  308. 
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fmall  quantities  only,  and  at  fhort  intervals,  little  luminous 
ftreams  will  be  feen  to  move  from  the  firft  to  the  fecond  column 
of  quickfilver,  and  confequently  from  the  glafs.  The  like  ap¬ 
pearances  happen,  but  in  a  contrary  diredion,  when  rofin  or 
amber  is  made  ufe  of,  and  applied  to  the  fame  column.  Glafs, 
therefore,  he  concludes,  eledrifies  plus,  or  fills  bodies  with 
more  of  this  fluid  than  belongs  to  them  naturally,  and  rofin,  &c. 
minus  *. 

This  controverfy  took  its  rife,  in  fome  meafure,  from  a  decep¬ 
tion  :  for  Mr.  Canton  informs  me,  and  gives  me  leave  to  inform 
the  public,  that  the  light  which  Mr.  Wilfon  takes  notice  of,  as  ap~ 
pearing  on  one  furface  of  the  mercury  in  the  double  barometer 
of  Lord  Charles  Cavendifh,  and  which  Mr.  Wilfon  takes  to  be  a 
proof  of  the  exiftence  of  a  medium  on  the  furface  of  bodies,  which 
hinders  the  entrance  or  exit  of  the  eledric  fluid  to  fome  degree, 
he  found  to  be  caufed  by  nothing  but  common  air.  For  if  the 
Torricellian  vacuum  be  properly  made,  no  difference  of  light 
can  be  feen  on  the  furfaces  of  the  columns  of  mercury  ;  but 
if  as  much  air  be  let  into  the  vacuum,  as  will  make  each  co¬ 
lumn  of  mercury  a  quarter  of  an  inch  fhorter  than  that  of  a  good 
barometer,  the  light  will  appear  as  Mr.  Wilfon  has  deferibed  it. 
When  Mr.  Wilfon  fuppofed  that  Dr.  Watfon,  when  he  made  the 
experiment  of  the  Torricellian  vacuum,  did  not  attend  to  the 
Angular  appearance  of  light  on  one  of  the  furfaces  of  the  mer¬ 
cury,  he  little  fufpeded  that  if  the  vacuum  Dr.  Watfon  made  was 
free  from  air,  there  was  no  fuch  Angular  appearance  of  light  to 
be  attended  to.  Air,  Mr.  Canton  adds,  mull  be  condenfed  near 
the  furface  of  all  bodies  that  attrad  it ;  and  will,  therefore,  be 
fome  hindrance  to  the  exit,  or  entrance  of  the  eledric  fluid,  except 
the  bodies  be  very  lharply  pointed. 

*  Phil.  Tranf.  Vol.  liii.  p.  438.  p.  441. 
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Some  curious  obfervations  relating  to  eledric  light  were  made 
by  Mr.  Wilcke.  Rubbing  two  pieces  of  glafs  together  in  the  dark, 
he  obferved  a  vivid  phofphoreal  light :  which,  however,  threw 
out  no  rays,  but  adhered  to  the  place  where  it  was  excited.  It 
was  attended  with  a  ftrong  pholphoreal  fmell,  Lilt  with  no  at— 
tradion  or  repulfion.  From  this  experiment  he  inferred,  that 
fridion  alone  would  not  excite  eledricity,  fo  as  to  be  accumu¬ 
lated  upon  any  body ;  and  that  to  produce  this  effed,  the  bodies 
rubbed  together  mult  be  of  different  natures,  with  refped  to  their 
attrading  the  eledric  fluid.  Fie,  moreover,  imagined,  that  all 
examples  of  phofphoreal  light,  without  attradion,  were  owing 
to  the  fame  excitation  of  eledricity,  without  the  accumulation  of 
it.  Such  he  imagined  to  be  the  cafe  of  light  emitted  by  the  Bo- 
lognian  ftone,  cadmea  fornacum,  rotten  wood,  pounded  fugar,  and 
glafs  of  all  kinds  *. 

A  tube  excited  with  a  woollen  cloth,  on  which  white  wax  or 
oil  had  been  put,  he  fays,  threw  out  flames  ;  each  of  which  when 
examined,  appeared  to  rife  out  of  a  little  protuberance  of  fire. 
The  flame  was  one,  and  very  narrow  at  the  bottom,  but  farther 
from  the  tube  it  divided  into  fevcral  ramifications  ;  which  always 
leaned  to  thofe  parts  of  the  tube  which  were  the  leafl  excited, 
or  to  condudors  in  the  neighbourhood  j\ 

He  fays  that,  upon  prefenting  a  finger  or  other  non-eledric  to 
an  excited  negative  eledric,  a  cone  of  light  is  formed  ;  thebafe 
of  which  is  at  the  finger,  or  other  non-eledric,  and  the  apex  at 
the  eledric,  on  the  furface  of  which  it  fpreads  to  a  confiderable 
diffance  all  round  J. 

Sometimes,  be  bad  feen  fiery  particles  thrown  laterally  from 
an  irregular  eledric  fpark,  which  fhone  like  fiars,  and  were  very 
like  thofe  which  are  produced  by  the  collifion  of  flint  and  fteel  §. 


*  Wilcke,  p.  123,  124. 
§  Ibid.  p.  1  30. 
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Suspending  various  balls  from  his  conductor,  and  prefent- 
ing  others  to  them,  which  were  fometimes  of  glafs  and  fome- 
times  of  metal,  and  varying  them  in  every  manner  pofhble, 
he  always  found  (except  when  two  metal  balls  were  ufed)  that 
the  light  between  them  formed  a  cone,  the  bafe  of  which  was 
always  on  the  body  which  was  pofitive,  and  the  apex  on  that 
which  was  negative.  He  fays  that  this  criterion  is  fufficient  to 
diftinguifh  the  two  electricities  from  one  another. 

He  obferves  that,  at  the  apex  of  a  cone  iffuing  from  point¬ 
ed  bodies,  electrified  pofitively,  there  is  a  cylindrical  fpark,  out 
of  which  lucid  rays,  like  a  river,  are  darted.  Thefe  rays,  he 
fays,  form  a  lucid  cone,  the  apex  of  which  is  turned  towards 
the  point  from  which  the  fire  proceeds.  Sometimes  from  the 
apex,  or  at  fome  diftance  from  it,  there  is  a  lucid  point,  which, 
he  fays,  Haufenius  calls  the  fire  of  the  fiecond  kind,  out  of  which 
flew  ftreams  of  fire.  The  flreams  never  iflue  from  the  electrified 
body  itfelf,  but  always  from  this  lucid  point.  He  fays,  moreover, 
that  this  lucid  point  at  the  extremity  of  an  electrified  body,  and 
which  throws  out  lucid  rays,  forms  the  diftinCtive  character  of 
the  pofitive  cone  *. 

A  negative  cone,  he  fays,  is  fmall,  confifting  of  very  {lender 
filaments,  which  immediately  adhere  to  the  point  at  which  the 
light  enters,  or  to  its  tides  and,  if  accurately  examined,  fee  ms 
to  form  little  cones,  the  bafes  of  which  reft  upon  the  body. 

When  he  afterwards  comes  to  confider  the  cauie  of  negative 
cones  of  light,  he  owns  himfelf  to  be  at  a  great  lol&  how  to 
do  it. 

Mr.  Wilcke  put  Englifh  phofphorus  upon  a  pointed  body, 
which,  in  the  dark,  rendered  the  whole  vihble;  and  when  he  fur- 
pended  this  pointed  body  perpendicularly,  the  phofphoreal  va- 

*  Wilcke,  p.  132. 
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pours  were  feen  to  afcencl ;  but  upon  eledrifying  it,  as  it  [hung 
in  the  fame  diredion,  the  vapours  were  carried  downwards, 
and  formed  a  very  long  cone,  extending  out  of  the  middle  of  the 
cone  of  eledric  light,  which  was  feen  perfedly  diftind  from  it. 
When  the  eledrification  was  difcontinued,  the  phofphoreal  vapour 
afcended  as  at  firft.  From  this  deprefflonof  the  phofphoreal  efflu¬ 
via  Mr.  Wilcke  infers  the  efflux  of  the  eledric  fluid  from  the 
point,  and  upon  the  furface,  and  not  only  through  the  fubftance 
of  the  pointed  body.  It  is  pity  that  he  did  not  try  this  curious 
experiment  with  pointed  bodies  eledrified  negatively.  He  would 
certainly  have  found  the  fame  depreflion  of  the  phofphoreal 
effluvia,  and  would,  probably,  have  retraded  his  conclufion  con¬ 
cerning  this  proof  of  the  efflux  *. 

Mr.  Wilcke  alfo  thought  it  to  be  a  proof,  that  the  eledric  mat¬ 
ter  did  not  only  flow  out  of  the  fubftance  of  eledrified  bodies, 
but  upon  the  furface  of  them,  that  a  metallic  ring,  projeding  ever  fo 
little  beyond  the  point  of  a  wire  on  which  it  had  been  put,  prevents 
the  appearance  of  the  lucid  point. 

The  laft  obfervation  which  I  fhall  recite  of  Mr.  Wilcke  con¬ 
cerning  eledric  light  is,  that  if  a  point  not  eledrified  be  oppofed 
to  a  point  eledrified  politively,  the  cones  of  light,  which,  in  other 
circumftances,  would  appear  upon  both  of  them,  difappear ;  but 
that  if  a  pofitive  cone  be  oppofed  to  a  negative  cone,  they  both 
preferve  their  own  charaderiftic  properties  j\ 

Sign i or  Beccaria  was  of  opinion,  that  the  diredion  of  the 
eledric  fluid  may  be  determined  from  the  phenomena  of  pointed 
bodies.  The  pe?ictl  [by  which  he  means  the  eledric  fire  at  a  point 
eledrified  pofitively)  he  fays,  contrads  as  it  approaches  a  flat  piece 
of  metal  not  eletirified;  whereas  the  Jlar  (by  which  he  means 
the  eledric  file  at  a  point  eledrified  negatively)  expands  in  the 

Wilcke,  p.  1 3 4«  f  Ibid.  p.  140. 
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fame  circumftances,  and  has  a  fmal!  cavity  near  the  point  to* 
wards  the  large  fuperficies.  The  pencil  is  attended  with  a  flap¬ 
ping  noife,  the  far  makes  little  or  no  noife.  He  hardly  gives  any 
teafon  for  the  ftrft  of  thefe  phenomena  ;  he  only  fays,  that  fuch 
is  the  neceffary  confequence  of  a  fluid  iffuing  out  of,  or  en¬ 
tering  into  a  point.  But  the  greater  noife  made  by  the  pencil, 
he  thought  was  made  by  the  impulfe  given  by  the  eledric  mat¬ 
ter  to  the  air,  caufing  it  to  vibrate :  and  this  mull  be  greater 
when  the  fluid  is  thrown  from  the  point  into  the  air,  than  when 
it  comes  through  different  portions  of  the  air,  and  meets  in 
one  point 

When  two  points  are  oppofed  to  one  another,  he  fays,  the 
phenomena  are  much  the  fame  in  both  f. 

SiGNioR  Beccaria  obferved  that  hollow  glafs  veffels,  of  a 
certain  thinnefs,  exhaufted  of  air,  gave  a  light  when  they  were 
broken  in  the  dark.  By  a  beautiful  train  of  experiments,  he 
found,  at  length,  that  the  luminous  appearance  was  not  occafioned 
by  the  breaking  of  the  glafs,  but  by  the  dafhing  of  the  external 
air  againft  the  infide,  when  it  was  broke.  He  covered  one  of 
thefe  exhaufted  veffels  with  a  receiver,  and  letting  the  air  fudden- 
ly  on  the  outfide  of  it,  obferved  the  very  fame  light.  This  he 
calls  his  new  invented  phofphorus 

Tins  excellent  philofopher  produced  a  moft  beautiful  appear¬ 
ance  of  eledric  light  in  the  following  manner.  He  conveyed 
pofitive  eledricity  to  a  brafs  ball,  fufpended  by  a  wire,  within  an 
■exhaufted  receiver,  when,  upon  prefenting  to  it  another  ball  in 
vacuo,  the  lower  hemifphere  of  the  former  was  moft  beautifully 
illuminated,  with  a  vifible  eledric  atmofphere.  When  he  convey¬ 
ed  negative  eledricity  to  the  ball,  the  fame  beautiful  illumination. 

*  Elettricifmo  artificial?,  p.  63.  -f  Ibid. 

X  Lettere  dell’  ellettricifmo,  p.  36 5,  &C. 
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was  obferved  on  the  ball  prefented  to  it.  This  experiment,  he  fays, 
is  a  very  delicate  one,  requiring  great  patience  and  dexterity,  in 
adjufting  the  diffances,  &c.  in  order  to  make  it  fucceed  perfedly  *. 

That  eledric  light  is  more  fubtle  and  penetrating,  if  one  may 
fay  fo,  than  light  produced  in  any  other  way  is  manifeft  from 
feveral  experiments,  particularly  the  remarkable  one  of  Mr. 
Haukfbee;  but  none  prove  it  fo  clearly  as  fome  made  by  the 
ingenious  Mr.  Lane,  who  gives  me  leave  to  mention  thefe. 

When  he  had,  for  fome  different  purpcfe,  made  the  eledric 
fhock  pafs  over  the  furface  of  a  piece  of  marble,  in  the  dark;  he 
obferved,  that  the  part  over  which  the  fire  had  palled  was  lumi¬ 
nous,  and  retained  that  appearance  for  fome  time.  No  fuch 
effed  of  the  eledric  fhock  having  ever  been  obferved  before,  he 
repeated  the  experiment  with  a  great  variety  of  circumffances,  and 
found  it  always  anfwered  with  all  calcarious  fubffances,  whether 
animal  or  mineral,  and  efpecially  if  they  had  been  burnt  into  lime* 
And,  as  far  as  he  had  tried,  many  more  fubffances  would  retain 
this  light  than  would  not  do  it ;  among  others  feveral  vegetable 
fubffances  would  do  it,  particularly  white  paper.  Tiles  and  bricks, 
were  luminous,  but  not  tobacco-pipe  clay,  though  well  burnt. 

That  gypfeous  fubffances,  when  calcined,  were  luminous, 
appeared  from  bits  of  images  made  of  plaiffer  of  Paris  ;  and  of 
this  clafs,  he  fays,  is  the  famous  Bolognian  ffone..  But  many 
bodies,  he  found,  were  luminous  after  the  eledric  ffroke,  which 
were  not  apparently  fo,  when  expofed  to  the  rays  of  the  fun.  • 
He  made  thefe  curious  experiments  by  placing  the  chains,  or 
wires  that  led  from  the  condudor  to  the  outward  coating  of  his 
jar,  within  one,  two,  or  three  inches  (according  to  the  ffrength  of 
the  charge)  from  one  another,  on  the  furface  of  the  body  to  be 
*ried,  and  difcharging  a  fhock  through  them.  If  the  ffone  was 

*  Phil.  Tianf.  Vol.  lvi.  p.  107. 
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thin,  he  found,  that  if  one  chain  was  placed  at  the  top,  and  the 
other  at  the  bottom,  it  would  appear  luminous  on  both  fidcs 
after  the  explofion. 

Mr.  Canton,  to  whom  thefe  experiments  were  communicat¬ 
ed,  clearly  proved,  that  it  was  the  light  only  that  the  fubftances 
retained,  and  nothing  peculiar  to  ele&ricity ;  and,  moreover,  af¬ 
ter  frequent  trials,  difcovered  a  compofition,  which  retains  both 
common  light,  and  that  of  ele&ricity,  much  more  flrongly 
than  either  the  Bolognian  ftone,  or  any  other  known  fubflance 
whatever.  With  this  new  phofphorus  he  makes  a  great  num¬ 
ber  of  moft  beautiful  experiments.  The  flafh  made  by  the  dif- 
charge  of  a  common  jar,  within  an  inch  of  a  circular  piece  of 
it,  of  about  two  inches  and  a  half  in  diameter,  will  illuminaie  it 
lb  much,  that  the  figures  on  a  watch  plate  may  be  eafdy  diftin- 
guilhed  by  it  in  a  darkened  room,  and  it  will  retain  the  light 
half  an  hour  *. 

I  shall  clofe  this  fe&ion  of  experiments  and  obfervations  on 
eleftric  light,  with  an  account  of  a  remarkable  appearance  which 
occurred  to  Mr.  Hartman.  When  he  had  been  making  experi¬ 
ments  four  or  five  hours  together,  in  a  fmall  room,  and  after 
going  out  of  it,  returned  foon,  with  a  lighted  candle  in  his  hand, 
walking  pretty  fwiftly  ;  he  perceived  a  fmall  flame  to  follow 
him,  at  the  diflance  of  about  a  ftep  and  a  half,  but  it  vanilhed 
when  he  flopped  to  examine  it.  He  was  a  good  deal  alarmed  at 
the  appearance  at  firft,  but  afterwards  imagined  it  to  be  occa- 
fioned  by  the  afcenfion  of  the  fulphur,  which  had  been  thrown 
into  the  air  by  the  violent  continued  electrification  j\ 

*  See  a  particular  account  of  this  compofuion,  and  experiments  with  it,  in  my  HiJlorj 
■af  Dijcouvses  relating  to  Vijicn,  Light,  and  Colours,  p.  37  I. 

f  Abhandlung,  p.  135. 
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SECTION  IX. 

The  electricity  of  the  TOURMALIN. 


THIS  period  of  my  hiftory  furnishes  an  entirely  new  fubjeCt 
of  electrical  inquiries  ;  which,  if  properly  purfued,  may 
throw  great  light  upon  the  moft  general  properties  of  electricity. 
This  is  the  Tourmalin:  though,  it  muft  be  acknowledged,  the 
experiments  which  have  hitherto  been  made  upon  this  foflil  hand 
like  exceptions  to  all  that  was  before  known  of  the  fubjeCt. 

The  tourmalin,  as  Dr.  Watfon  fuppoles,  was  known  to  the 
ancients  under  the  name  of  the  lyncurium .  All  that  Theophraftus 
fays  concerning  the  lyncurium  agrees  with  the  tourmalin,  and 
with  no  other  foflil  that  we  are  acquainted  with.  He  fays,  that 
it  was  ufed  for  feals,  that  it  was  very  hard,  that  it  was  endued  with 
an  attracting  power  like  amber,  and  that  it  was  faid,  particular¬ 
ly  by  Diodes,  to  attradt  not  only  ftraws,  and  fmall  pieces  of 
wood,  but  alfo  copper  and  iron,  if  beaten  very  thin ;  that  it  was 
pellucid,  of  a  deep  red  colour,  and  required  no  fmall  labour  to 
polilh  it.  The  account  which  palled  current  among  the  ancients 
concerning  the  origin  of  this  flone  was  fabulous,  which  made 
Pliny  think  that  all  that  was  faid  of  it  was  fabulous  too. 

This  flone,  though  not  much  attended  to  by  European  philo- 
fophers,  till  very  lately,  is  common  in  feveral  parts  of  the  Eaft 
Indies,  and  more  particularly  in  the  ifland  of  Ceylon,  where  it  is 
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called  by  the  natives  tournamaL  Irf  this  ifland  the  Dutch  be¬ 
came  acquainted  with  it,  and  by  them  it  is  called  afchentrikker , 
from  its  property  of  attracting  afhes,  when  it  is  thrown  into  the 
fire. 

The  firft  account  we  have  had,  of  late  years,  concerning 
this  extraordinary  ftone  is  in  the  Hiftory  of  the  Royal  Academy  of 
Sciences  at  Paris  for  the  year  1717;  where  we  are  told,  that  Mr. 
Lemery  exhibited  a  ftone,  which  was  not  common,  and  came  from 
Ceylon.  This  ftone,  he  faid,  attracted  and  repelled  fmall  light 
bodies,  fuch  as  afhes,  filings  of  iron,  bits  of  paper,  &c. 

Linn^us,  in  his  Flora  Zeylonica,  mentions  this  ftone  under 
the  name  of  lapis  elcffiricus ,  and  takes  notice  of  Mr.  Lemery’s  ex¬ 
periments. 

Notwithstanding  this,  no  farther  mention  was  made  of  this 
ftone  and  its  effeCts  till  fome  years  after  ;  when  the  Due  De  Noya, 
in  his  letter  to  Mr.  Buffon,  prefented  to  the  Royal  Society,  in¬ 
formed  us,  that  when  he  was  at  Naples,  in  the  year  17435  the 
Count  Pichetti,  fecretary  to  the  king,  allured  him,  that,  during 
his  ftay  at  ConftantinopJe,  he  had  feen  a  fmall  ftone  called  four - 
malin-i  which  attracted  and  repelled  allies.  This  account  the  Due 
De  Noya  had  quite  forgotten,  but  being  in  Holland  in  the  year 
1758,  he  faw,  and  purchafed  two  of  thofe  ftones.  With  thefe, 
in  company  withMeflrs.  Daubenton  and  Adamfon,  he  made  a  great 
number  of  experiments,  of  which  he  favoured  the  public  with  a 
particular  account  *» 

But  prior  to  the  Due  De  Noya’s  experiments,  Mr.  Lech-- 
man  had  acquainted  Mr.  iEpinus  with  the  attractive  power  of  the 
tourmalin,  and  furnifhed  him  with  two  of  them,  on  which  he 
made  many  experiments ;  the  refult  of  which  he  publifhed  in  the 
Hiftory  of  the  Academy  of  Sciences  and  Belles  Lettres  at  Berlin 
for  the  year  1756.  The  fubftance  of  the  memoir  is  as  follows.. 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  395. 
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The  tourmalin  has  always,  at  the  fame  time,  a  pofitive 
and  a  negative  electricity  ;  one  of  its  fides  being  in  one  hate, 
and  the  other  in  the  oppofite  ;  and  this  does  not  depend  on  the 
external  form  of  the  ftone.  Thefe  electricities  he  could  excite 
in  the  ftrongeft  degree,  by  plunging  the  ftone  in  boiling- 
water. 

If  one  fide  of  the  tourmalin  be  heated  more  than  the  other 
(as  if  it  belaid  upon  a  hot  cake  of  metal)  each  of  the  fides  acquire 
an  eleClricity  oppofite  to  that  which  is  natural  to  it;  but  if  left  to 
itfelf,  it  will  return  to  its  natural  hate. 

If  one  of  the  fides  of  the  tourmalin  be  rubbed,  while  the  other 
is  in  contaCt  with  fome  conductor  communicating  with  the 
ground  ;  the  rubbed  fide  is  always  pofitive,  and  the  other  ne¬ 
gative.  If  neither  fide  be  in  contaCt  with  a  conductor,  both  be¬ 
come  pofitive.  If,  in  the  former  of  thefe  cafes,  the  tourmalin  be 
rubbed,  fo  as  to  acquire  a  fenfible  heat,  and  the  fide  which  is 
naturally  pofitive  be  made  negative,  it  will  upon  handing  to 
cool,  return  to  its  natural  hate  ;  tut  if  it  have  acquired  no  fenfible 
heat,  it  will  not  return  to  its  natural  hate  while  any  kind  of 
eleClricity  remains.  If  it  be  heated,  even  when  it  is  rubbed  and 
infulated,  (in  which  cafe  both  fides  become  pofitive)  it  will  hill 
return  to  its  natural  hate  upon  cooling. 

The  Due  De  Noya  mentions  thefe  experiments  of  Mr.  ikpinus, 
but  does  not  admit  of  a  plus  and  minus  electricity  belonging  to 
the  tourmalin  when  heated.  On  the  contrary,  he  fays,  that  both 
the  fides  are  eleCl rifted  plus,  but  one  of  them  more  than  the 
other,  and  that  it  was  the  difference  between  thofe  degrees  which 
led  Mr.  JEpinus  into  his  mi  flake 

The  tourmalin  was  introduced  to  the  notice  of  the  Englifh  phi— 
lofopliers  by  Dr.  Hebcrden,  who  fortunately  recolleCling  to  have 

*  Phil.  Tranf.  Vol.  Ivii,  pt*  i.  p.  315. 
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feen  one  of  them,  many  years  before,  in  the  poffeflion  of  Dr. 
Sharp  at  Cambridge  (and  it  was  the  only  one  known  in  England 
at  that  time)  procured  it  for  Mr.  Wilfon  ;  who,  though  it  was  but 
a  fmall  one,  repeated  with  it  moff  of  the  experiments  of  Mr. 
iEpinus,  fo  far  as  to  fatisfy  himfelf  that  his  opinion  of  its  pofitive 
and  negative  power  was  well  founded. 

Afterwards,  Dr.  Heberden,  ever  defirous  of  extending  the 
bounds  of  fcience,  procured  fome  of  thefe  Hones  from  Holland, 
and  put  them  into  the  hands  of  thofe  perfons  who  were  like¬ 
ly  to  make  the  heft  ufe  of  them,  particularly  Mr.  Wilfon  and 
Mr.  Canton  ;  in  whofe  hands  they  were  not  lodged  in  vain,  as 
will  appear  by  the  brief  account  I  fhall  fubjoin  of  their  experi¬ 
ments  upon  them. 

Mr.  Wilson’s  obfervations  are  too  many,  and  too  particular 
to  be  all  inferted  in  this  work.  The  refult  of  them  was,  in  the 
main,  the  fame  with  that  of  Mr.  fEpinus,  eHablifhing  the  opinion 
of  the  two  different  powers  of  this  Hone ;  but,  contrary  to  Mr. 
iEpinus,  he  afferts,  that  when  the  lides  of  the  tourmalin  are  un¬ 
equally  heated,  it  exhibits  that  fpecies  of  eledricity  which  is  na¬ 
tural  to  the  hotter  fide,  that  is,  the  tourmalin  is  plus  on  both 
fides,  when  the  plus  fide  is  the  hotter ;  and  minus  on  both  fides, 
when  the  minus  fide  is  the  hotter.  ■» 

Upon  this  Mr.  fEpinus  repeated  all  his  former  experiments, 
and  Hill  found  the  refult  of  them  agreeable  to  his  former  conclu- 
fion,  and  contrary  to  that  of  Mr.  Wilfon.  Mr.  Wilfon  alfo  re¬ 
peated  his,  without  any  variation  in  the  event,  and  imagined  the 
difference  between  him  and  Mr.  fEpinus  might  arife  from  the 
different  fizes  of  the  tourmalins  they  made  ufe  of,  or  from  their 
different  manner  of  making  the  experiments.  And  it  is  evident, 
from  the  defcription  of  both  their  apparatufes,  that  of  Mr.  Wil¬ 
fon  was  much  better  calculated  for  the  purpofe  of  accurate  expe¬ 
riments  than  that  of  Mr.  iEpinus.  Mr.  Wilfon  alfo  ufed  a 

greater 
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greater  variety  of  methods  of  communicating  heat  to  his  tourma’ 
3ins.  He  both  plunged  them  in  boiling  water,  held  them  to  the 
flame  of  a  candle,  and  expofed  them  to  heated  infulated 

electrics  *. 

Though  the  detail  of  all  Mr.  Wilfon’s  experiments  would  be, 
as  I  obferved  before,  much  too  long  for  my  purpofe,  I  cannot 
help  relating  one  of  them,  which  was  made  with  the  laft  men¬ 
tioned  method  of  treating.  He  heated  one  end  of  a  glafs  tube 
red-hot,  and  when  he  had  expofed  what  both  he  and  Mr.  iEpi- 
nus  call  the  negative  fide  of  the  tourmalin  to  it;  he  obferved 
that  about  three  inches  of  the  heated  part  of  the  glafs  were  electri¬ 
fied  minus,  though  the  glafs  beyond  that  was  electrified  plus ,  and 
continued  fo  even  after  the  glafs  was  cold,  the  electric  fluid  hav¬ 
ing  pa{Ted  from  the  tourmalin  to  the  glafs ;  fince  thefe  were  the 
fame  appearances  that  were  produced  by  prefenting  an  excited 
tube  to  the  heated  glafs. 

He  then  applied  the  plus  fide  of  the  tourmalin  to  the  fame  heat¬ 
ed  glafs,  and  found  that  the  tube  was  electrified  minus ,  above  a 
foot  in  length,  without  the  lead;  appearance  of  a  plus  electricity 
beyond  the  minus  one,  as  in  the  other  experiment ;  and  this 
minus  electricity  appeared  when  the  tube  was  nearly  cold.  In 
this  cafe  he  judged  that  the  electric  fluid  had  pafled  from  the  glafs 
to  the  tourmalin. 

Mr.  Wilson  imagined  that  the  tourmalin,  as  well  as  glafs, 
was  permeable  to  the  electric  fluid,  and  that  the  refiftance  to  its 
entering  the  fubflance  of  it  was  lefs  on  what  he  calls  the  ne¬ 
gative  than  on  the  pofitive  fide.  Thefe  conclufions  he  drew 
from  the  two  following  experiments.  Rubbing  the  pofitive  fide 
of  the  flone  flightly,  he  found  both  fldes  electrified  plus ,  but 

*  Phil.  Tranf.  Vol.  liii.  p.  436,  &c. 
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rubbing  the  negative  fide  in  the  fame  manner,  both  Tides  were  elec¬ 
trified  plus  more  drongly  than  before  *. 

Several  experiments  led  Mr.  Wilfon  to  conclude  that  the 
tourmalin  refilled  the  exit  and  entrance  of  the  eledric  fluid  con- 
fiderably  lefs  than  glafs,  or  even  than  amber  ;  and  upon  the  whole 
he  infers,  that  the  tourmalin  differs  in  nothing  from  other  eledric 
bodies  but  in  acquiring  eledricity  by  heat  f. 

Examining  a  great  number  of  tourmalins,  he  found  that  a 
line  drawn  from  the  plus  part,  through  the  center  of  the  done, 
would  always  pafs  through  the  minus  part. 

Almost  all  thefe  tourmalins  he  greafed  over,  and  whilflf 
they  were  warm  enough  to  preferve  the  greafe  liquid,  he  tried 
each  tourmalin  feparately,  but  found  no  alteration  in  the  vir¬ 
tue  of  the  done,  except  that  it  was  a  little  weakened ;  though 
it  is  well  known,  he  fays,  that  moidure  of  any  fort  readily  conduds 
the  eledric  fluid.  If,  therefore,  the  tourmalin  had  not  a  fixed 
kind  of  eledricity,  the  plus  and  minus  eledricity,  obfervable  on 
the  two  Tides  of  the  done,  mud,  by  this  treatment,  have  united 
and  dedroyed  each  other.  From  this  circumfiance  Mr.  Wilfon 
concluded,  that  the  tourmalin  differed  the  eledric  fluid  to  pafs 
through  it  only  in  one  diredion,  and  that  in  this  it  bore  Tome 
analogy  to  the  loadflone ;  having,  as  it  were,  two  eledric 
poles,  which  are  not  eafily  dedroyed  or  altered  J.  But  he  was 
not  aware  how  imperfed  a  condudor  oil  or  greafe  of  any 
kind  is. 

This  induced  him  to  try  whether,  like  the  loaddone,  the  tour¬ 
malin  would  lofe  its  virtue  after  being  made  red-hot ;  buty  though 
he  kept  twTo  of  them  in  a  drong  fire  for  half  an  hour,  he  could 
not  perceive  the  lead  alteration  in  them  :  but  plunging  one  in 

water,  while  it  was  red-hot  entirely  dedroyed  its  virtue,  and 

•  • 

t  Ibid.  p.  329.  X  Ibid.  p.  337,  338. 
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gave  it  the  appearance  of  having  been  fhivered  in  many  parts 
without  breaking  *  He  obferves  that  when  a  tourmalin,  which 
he  had  from  Dr.  Morton,  wTas  held  between  the  eye  and  the  light, 
and  viewed  in  the  direction  through  which  the  ele&ric  fluid  is 
found  to  pafs,  it  appears  of  a  darker  colour  confiderably  than 
when  it  is  viewed  at  right  angles  to  the  former  direction.  This 
appearance,  he  fays,  obtains  in  many  other  tourmalins,  efpecially 
when  they  happen  to  be  as  conveniently  fhaped  f. 

Notwithstanding  the  attention  given  to  this  fubjeCt  by 
Mr  JEpinus  and  Mr.  Wilfon,  the  moft  important  difcovery  re¬ 
lating  to  the  electricity  of  the  tourmalin  was  refer ved  for  Mr. 
Canton ;  who,  in  a  paper  read  at  the  Royal  Society  in  the  fame 
month  with  that  above  mentioned  of  Mr.  Wilfon,  viz.  December 
1759,  obferves,  that  the  tourmalin  emits  and  abforbs  the  eleCtric 
fluid  only  by  the  increafe  or  diminution  of  its  heat.  For  if  the 
tourmalin,  he  fays,  be  placed  on  a  plain  piece  of  heated  glafs  or 
metal,  fo  that  each  fide  of  it,  by  being  perpendicular  to  the  fur- 
face  of  the  heated  body,  may  be  equally  heated ;  it  will,  while 
heating,  have  the  electricity  of  one  of  its  Tides  pofitive,  and 
that  of  the  other  negative.  This  will,  likewife,  be  the  cafe 
when  it  is  taken  out  of  boiling  water  and  fuffered  to  cool ;  but  the 
fide  which  was  pofitive  while  it  was  heating  will  be  negative  while 
it  is  cooling,  and  the  fide  which  was  negative  will  be  pofitive. 

In  this  paper  Mr.  Canton  refers  to  the  Gentleman’s  Magazine 
for  the  month  of  September  before,  in  which  he  had  publiflied 
the  refult  of  fome  experiments  he  had  made  on  a  tourmalin 
which  he  had  procured  from  Holland.  The  propofitions  he 
there  lays  clown  are  fo  few,  and  comprife  the  principal  part  of 
what  is  known  upon  this  fubjeCt  in  fo  concife  and  elegant  a  man¬ 
ner,  that  I  ftiall  recite  them  all  in  this  place. 

f  Ibid.  Vol.  liii.  p.  448. 

1.  When. 


*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  338. 


Per.X,  Sec. IX. 


the  TOURMALIN. 


2  99 


1.  When  the  tourmalin  is  not  eledrical  or  attractive,  heating 
it,  without  fridion,  will  make  it  fo  ;  and  the  eledricity  of  one 
fide  of  it  (dihinguifhed  by  A)  will  be  pofltive,  and  that  of  the 
other  fide  (B)  will  be  negative. 

2.  The  tourmalin  not  being  eledrical  will  become  fo  by  cool¬ 
ing;  but  with  this  difference,  that  the  fide  A  will  be  negative, 
and  the  fide  B  pofltive. 

3.  If  the  tourmalin,  in  a  non-eledrical  hate,  be  heated,  and 
differed  to  cool  again,  without  either  of  its  Tides  being  touched  ; 
A  will  be  pofltive,  and  B  negative,  the  whole  time  of  the  increafe 
and  decreafe  of  its  heat. 


4.  Either  fide  of  the  tourmalin  will  be  pofltive  by  fridion, 
and  both  may  be  made  fo  at  the  fame  time. 

These,  fays  he,  are  the  principal  laws  of  the  eledricity  of 
this  wonderful  hone ;  and  he  adds,  if  air  be  fuppofed  to  be  en¬ 
dued  with  fimilar  properties,  i.  e.  of  becoming  eledrical  by  the 
increafe  or  diminution  of  its  heat  (as  is  probable,  if  its  hate 
before  and  after  a  thunder  horm  be  attended  to)  thunder  clouds 
both  pofltive  and  negative,  as  w'ell  as  thunder  guhs,  may  eafily  be 
account  for. 

# 

These  capital  difeoveries  were  made  before  Mr.  Canton  had  re¬ 
ceived  of  Dr.  Heberden  the  tourmalins  above  mentioned.  When 
thofe  came  to  his  hands  he  was  enabled  to  make  feveral  new  and 
curious  experiments,  which  I  have  leave  to  publilh. 

He  put  one  of  the  tourmalins,  wrhich  was  of  the  common 
colour  into  the  fame  from  a  blow-pipe  and  burnt  it  white;  when 
he  found  that  its  eledrical  property  was  intirely  dehroyed.  The 
eledricity  of  another  was  only  in  part  dehroyed  by  the  fire. 
Two  other  tourmalins  he  joined  together,  when  they  were  made 
foft  by  fire,  without  dehroying  their  eledrical  property.  The 
virtue  of  another  was  improved  by  its  being  melted  at  one  end ; 
and  he  found  (contrary  to  what  Mr.  Wilfon  had  obferved  of 

Q^q  2  an^ 
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another  tourmalin,  which  he  treated  in  the  fame  manner)  that 
one  tourmalin  retained  its  electrical  property  after  it  had  been 
frequently  made  red-hot,  and,  in  that  hate,  put  into  cold  water. 

But  the  moh  curious  of  his  experiments  were  made  upon  a 
large  irregular  tourmalin,  about  haif  an  inch  m  length,  which 
he  cut  into  three  pieces ;  taking  one  part  from  the  pofitive,  and 
another  from  the  negative  end.  Trying  thefe  pieces  feparately, 
he  found  the  outer  fide  of  the  piece  which  he  cut  from  the  end 
that  was  negative  when  cooling  was  like  wife  negative  when  cool¬ 
ing  and  that  the  outer  fide  of  that  piece  which  was  cut  from 
the  end  that  was  pofitive  when  cooling  was  likewife  pofitive  when 
cooling  ;  the  oppofite  fides  of  both  pieces  being,  agreeable  to  the 
general  law  of  the  eledricity  of  the  tourmalin,  in  a  contrary 
hate. 

The  middle  part  of  the  fame  tourmalin  was  affeded  juft  as  it 
had  been  when  it  was  intire ;  the  pofitive  end  remained  pofitive, 
and  the  negative  end  continued  negative.  The  fame  he  had  alfo- 
obferved  of  two  other  tourmalins,  each  about  the  lize  of  this, 

9 

which  were  alfo  cut  out  of  a  large  one. 

On  January  the  8th,  1762,  Mr.  Canton  took  the  Dodor’s 
large  tourmalin  (which  Mr.  Wilfon  has  given  a  defeription  of  in 
the  ffty-firft  volume  of  the  Philofcphical  Tranfadions,  p.  316.) 
and  having  placed  a  fmall  tin  cup  of  boiling-water  on  one  end  of 
his  eledrometer,  which  wras  fnpported  by  warm  glafs,  while 
the  pith  balls  were  fufpended  at  the  other  end;  he  dropped  it  into 
the  water,  and  obferved,  that  during  the  whole  time  of  its  being 
heated,  and  alfo  while  it  was  cooling  in  the  water,  the  balls  were 
not  at  all  eledrified. 

Till  the  year  1760  it  had  been  fuppofed,  that,  of  all  eledric 
fub fiances,  the  tourmalin  alone  pofTefled  the  property  of  being 
excited  by  heating  and  cooling  ;  but  in  the  beginning  of  that  year, 
Mr.  Canton  having  had  an  opportunity  of  examining  a  variety  of 

gems, 
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gems,  by  the  favour  of  Mr.  Nicolas  Crifp  a  jeweller  In  Bow 
Church-yard,  firfh  found  the  Brazil  topaz  to  have  the  electrical 
properties  of  the  tourmalin.  The  largeft  he  met  with  he  put 
into  the  hands  of  Dr.  Heberden,  who  returned  it  November 
the  27th,  1760,  and  fent  with  it  the  tourmalin  above  men¬ 
tioned. 

In  September  1761,  Mr.  Wilfofn  (who  had  been  informed  of 
Mr.  Canton’s  difcovery)  met  with  feveral  other  gems,  of  different 
fizes  and  colours,  that  refembled  the  tourmalin  with  refpeCt  to 
eledtrical  experiments.  The  rnoft  beautiful  of  them  were  fome- 
thing  like  the  ruby,  others  were  more  pale,  and  one  inclining  to 
an  orange  colour.  I11  point  of  hardnefs  and  luftre,  they  were 
nearly  the  fame  with  the  topaz. 

From  all  his  experiments  Upon  thefe  gems  he  thought  it  was 
abundantly  evident,  that  the  direction  of  the  fluid  did  not  depend 
upon  the  external  figure  of  the  gem,  but  upon  fome  particular  in¬ 
ternal  make  and  conftitution  of  it.  And  that  there  is  fome  fuch 
natural  difpofition  in  all  gems  affording  thefe  appearances  may 
be  collected,  he  fays,  from  another  curious  fpeciinen  of  the  tour¬ 
malin  kind,  which  is  green,  and  formed  of  long  flender  cryftals 
with  feverals  fides;  many  of  which  are  found  flicking  together, 
and  are  brought  from  South  America. 

These  gems,  numbers  of  which  were  furnifhed  him  by  Mr. 
Emanuel  Mendes  Da  Cofta,  he  not  only  found  to  be  like  the  tour¬ 
malin  with  refpedt  to  eledtric  appearances ;  but  that  the  direction 
of  the  eledtric  fluid  moving  therein  was  always  along  the  grain  or 
fhootings  of  the  cryftals,  one  end  of  it  being  electrified  p/as,  and 
the  other  end  minus.  And  that  the  fluid  is  more  dffpofed  to  pafs 
in  that  direction  than  in  another,  he  thought,  might  be  farther 
collected  from  what  has  been  obferved  on  the  grain  of  the  load- 
ftone  by  Dr.  Knight ;  who  found  that  though  the  magnetic  poles, 
of  the  natural'  loadftone  might  be  varied  in  any  direction,  yet  that 
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the  fame  load-ftone  admitted  of  being  made  much  more  magnetical 
along  the  grain  than  acrofs  it. 

From  thefe  experiments  and  obfervations  Mr.  Wilfon  inferred 
by  analogy,  that  theeledric  fluid,  flowing  through  all  thefe  ftones 
and  gems,  moves  in  that  direction  in  which  the  grain  happens 
to  lie ;  and  that  the  reafon  of  this  is,  that  the  refiftance  which 
the  fluid  meets  with  in  pafling  through  the  gem  is  lefs  in  that 
direction  than  in  any  other*. 

In  a  fubfequent  paper  of  Mr.  Wilfon’s,  read  at  the  Royal  So¬ 
ciety  December  the  23d,  1763,  and  March  1764,  he  recites  feve- 
ral  curious  experiments  on  the  effeds  of  removing  the  tourma¬ 
lin  from  one  room  to  another,  in  which  there  was  fome  differ¬ 
ence  of  heat ;  the  refult  of  which  exadly  confirms  Mr.  Canton’s 
difeovery,  that  the  fide  which  is  pofitive  when  heating  is  negative 
when  cooling,  and  vice  verfa.  Upon  a  very  nice  examination, 
and  during  fome  favourable  circumftances,  Mr.  Wilfon  fays  he 
has  obferved  the  tourmalin  to  be  feebly  eledrified,  when  the  ther¬ 
mometer  varied  up  and  down  only  one  degree  f . 

*  Phil.Tranf.  Vol.  Iii.pt.  ii.  p.  443.  f  Ibid.  p.  457. 
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Discoveries  that  have  been  made  since  those  of  Dr. 
FRANKLIN,  with  respect  to  the  sameness  of  lights 

NING  AND  ELECTRICITY. 


r  |  HE  year  1752  makes  an  sera  in  electricity  no  lefs  famous 
JL  than  the  year  1746,  in  which  the  Leyden  phial  was  difco- 
vered.  In  the  year  1752,  was  verified  the  hypothefis  of  Dr. 
Franklin,  of  the  identity  of  the  matter  of  lightning  and  of  the 
eledtric  fluid  ;  and  his  great  project  of  trying  the  experiment  by 
real  lightning  actually  brought  down  from  the  clouds,  was  car¬ 
ried  into  execution. 

The  French  philofophers  were  the  firft  to  diftinguifh  them- 
felves  upon  this  memorable  occafion,  and  the  moft  adtive  per- 
fons  in  the  fcene  were  Mr.  Dalibard  and  Delor,  both  zealous 
partifans  (as  Mr.  Nollet  calls  them)  of  Dr.  Franklin.  The  former 
prepared  his  apparatus  at  Marly  La  Ville,  fituated  five  or  fix 
leagues  from  Paris,  the  other  at  his  own  houfe,  on  fome  of 
the  higheft  ground  in  that  capital.  Mr.  Dalibard’s  machine  con- 
fifted  of  an  iron  rod  forty  feet  long,  the  lower  extremity  of  which 
was  brought  into  a  centry  box,  where  the  rain  could  not  corner 
while,  on  the  outfide,  it  was  faftened  to  three  wooden  polls  by 
long  filken  firings  defended  from  the  rain.  This  machine  hap¬ 
pened  to  be  the  firft  that  was  favoured  with  a  vifit  from  this  ethe¬ 
real  fire.  The  philofopher  himfelf  happened  not  to  be  at  home 
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at  that  time  ;  but,  in  his  abfence,  he  entrufted  the  care  of  his 
apparatus  to  one  Coiffier  a  joiner,  a  man  who  had  ferved  fourteen 
years  among  the  dragoons,  and  on  whofe  underflanding  and  cou¬ 
rage  he  could  depend.  This  artifan  had  all  proper  inflru&ions 
given  him,  both  how  to  make  obfervations,  and  alfo  to  guard 
himfelf  from  any  harm  there  might  be  from  them ;  befides  be¬ 
ing  exprefsly  ordered  to  get  fome  of  his  neighbours  to  be  prefent, 
and  particularly  to  lend  for  the  curate  of  Marly,  whenever  there 
fhould  be  any  appearance  of  the  approach  of  a  thunder  ftorm.  At 
length  the  long  expedited  event  arrived. 

On  Wednefday  the  lothof  May  1752,  between  two  and  three 
o’clock  in  the  afternoon,  Coiffier  heard  a  pretty  loud  clap  of 
thunder.  Immediately  he  flies  to  the  machine,  takes  a  phial 
furniffied  with  a  brafs  wire,  and  prefenting  one  end  of  the  wire 
to  the  rod,  he  fees  a  fmall  bright  fpark  iflue  from  it,  and  hears 
the  flapping  that  it  made.  Taking  a  fecond  fpark  ftronger  than 
the  former,  and  attended  with  a  louder  report,  he  calls  his  neigh¬ 
bours,  and  fends  for  the  curate.  The  curate  runs  with  all  his 
might,  and  the  pariffiioners,  feeing  the  precipitation  .of  their 
fpiritual  guide,  imagine  that  poor  Coiffier  had  been  killed  with 
lightning.  The  alarm  fpreads  through  the  village,  and  the  hail 
which  came  on  did  not  prevent  the  flock  from  following  their 
fhepherd.  The  honeft  ecclefiaflic  arriving  at  the  machine,  and 
feeing  there  was  no  danger,  took  the  wire  into  his  own  band,  and 
immediately  drew  feveral  flrong  fparks,  which  were  moll  evident¬ 
ly  of  an  eledlrical  nature,  and  completed  the  difcovery  for  which 
the  machine  was  eredted. 

The  thunder  cloud  was  not  more  than  a  quarter  of  an  hour 
in  palling  over  the  zenith  of  the  machine,  and  there  was  no 
thunder  heard  befides  that  Angle  clap.  As  foon,  as  the  form  was 
over,  and  no  more  fparks  could  be  drawn  from  the  bar,  the 
curate  wrote  a  letter  to  Mr.  Dalibard,  containing  an  account  of  this 

remarkable 
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remarkable  experiment,  and  fent  it  immediately  by  the  bands  of 
Coiffier  himfelf. 

He -fays,  that  be  drew  fparks  from  the  bar  of  a  blue  colour, 
an  inch  and  a  half  in  length,  and  which  fuelled  ftrong  of  fulphur. 
He  repeated  the  experiment  at  leaf  fix  times  in  the  fpace  of  about 
four  minutes,  in  the  prefence  of  many  perfons,  each  experiment 
taking  up  the  time,  as  he,  in  the  file  of  a  prieft  exprefles  him¬ 
felf,  of  a  pater  and  an  ave.  In  the  courfe  of  thefe  experiments 
he  received  a  ftroke  on  his  arm,  a  little  above  the  elbow,  but  he 
could  not  tell  whether  it  came  from  the  brals  wireinferted  into  the 
phial,  or  from  the  iron  bar.  He  did  not  attend  to  the  ftroke  at 
the  time  he  received  it,  but,  the  pain  continuing,  he  uncovered 
his  arm  when  he  went  home,  in  the  prefence  of  Coiffier  ;  and  a 
mark  was  perceived  round  his  arm,  fuch  as  might  have  been 
made  by  a  blow  with  the  wire  on  his  naked  {kin ;  and  after¬ 
wards  feveral  perfons,  who  knew  nothing  of  what  had  hap¬ 
pened,  faid  that  they  perceived  a  fmell  of  fulphur  when  he  came 
near  them. 

Coiffier  told  Mr.  Dalibard,  that  for  about  a  quarter  of  an 
hour  before  the  curate  arrived,  he  had,  in  the  prefence  of  five  or 
fix  perfons,  taken  much  ftronger  fparks  than  thofe  which  the 
curate  mentioned  *. 

Eight  days  after,  Mr.  Delor  faw  the  fame  thing  at  his  own 
houfe,  although  only  a  cloud  pafled  over,  without  either  thunder 
or  lightning  j\ 

The  fame  experiments  were  afterwards  repeated  by  Mr. Delor, 
at  the  requeft  of  the  king  of  France,  who,  it  is  faid,  faw  them 
with  the  greateft  fatisfa&ion,  and  exprefled  a  juft  fenfe  of  the 
merit  of  Dr.  Franklin.  Thele  applaufes  of  the  king  excited  in 
Mr.  De  BufFon,  Dalibard,  and  Delor,  a  defire  of  verifying  Dr. 
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Franklin’s  hypothefis  more  completely,  and  of  purfuing  his  fpe- 
culations  upon  the  fubjeCh 

Delor’s  apparatus  in  Paris  confilted  of  a  bar  of  iron 
ninety -nine  feet  high,  and  anfwered  rather  better  than  that  of 
Mr.  Dalibard,  which,  as  was  obferved  before,  was  only  forty 
feet  high.  But  as  the  quantity  of  electricity  which  they  could 
procure  from  the  clouds,  in  thefe  firft  experiments,  was  but 
fmall,  they  added  to  this  apparatus  what  they  called  a  magazine 
of  eleCtricity,  confiding  of  many  bars  of  iron  infulated,  and 
communicating  with  the  pointed  iron  rod.  This  magazine  con¬ 
tained  more  of  the  eleCtric  matter,  and  gave  a  more  fenfible  fpark, 
upon  the  approach  of  the  linger  than  the  pointed  bar. 

A  Magazine  of  this  kind  Mr.  Mazeas  had  in  an  upper 
room  of  his  houfe,  into  which  he  brought  the  lightning,  by 
means  of  a  wooden  pole  projecting  out  of  his  window,  at  the  ex¬ 
tremity  of  which  a  glafs  tube,  filled  with  rotin,  received  a  point¬ 
ed  iron  rod,  twelve  feet  long.  But  all  this  while  the  eleCtrics, 
which  they  made  ufe  of  to  fupport  thefe  iron  rods,  were  too  much 
expofed  to  the  open  air,  and  confequently  were  liable  to  be  wet, 
which  would  infallibly  defeat  their  experiments. 

The  moft  accurate  experiments,  made  with  thefe  imperfeCt  in- 
ftruments,  were  thofe  of  Mr.  Monnier.  He  was  convinced 
that  the  high  fituation  in  which  the  bar  of  iron  had  commonly 
been  placed  was  not  abfolutely  neceffary  for  this  purpofe  :  for  he 
obferved  a  common  fpeaking-trumpet,  fufpended  upon  iilk  five 
or  fix  feet  from  the  ground,  to  exhibit  very  evident  fignsof  elec¬ 
tricity.  He  alfo  found  that  a  man  placed  upon  cakes  of  rofin, 
and  holding  in  his  hand  a  wooden  pole,  about  eighteen  feet  long, 
about  which  an  iron  wire  was  twilled,  was  fo  well  electrified 
when  it  thundered,  that  very  lively  fparks  were  drawn  from 
him ;  and  that  another  man,  Handing  upon  non-eledrics,  in 
the  middle  of  a  garden,  and  only  holding  up  one  of  his  hands 
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in  the  air,  attracted,  with  the  other  hand,  lhavings  of  wood 
which  were  held  to  him. 

He  fays,  that  he  obferved  a  continual  diminution  of  the 
electricity  when  the  rain  came  on,  though  the  thunder  was  hill 
very  loud,  and  though  the  cake  of  rolin  which  fupported  his 
conductor  was  not  wet.  But  he  afterwards  found,  that  this  was 
not  univerfally  true. 

He  once  obferved,  that  when  the  conducting  wire  was  fur- 
rounded  with  drops  of  rain,  only  fome  of  them  were  electri¬ 
fied,  as  was  evident  from  the  conical  figure  they  had,  while  the 
reft  remained  round  as  before.  It  was  alfo  perceived,  that  the 
electrified  and  non-eleCtrified  drops  generally  fucceeded  each  other 
alternately ;  which  made  Mr.  Monnier  call  to  mind  a  fingular 
phenomenon,  which  happened  fome  years  before  to  five  peafants 
who  were  pafting  through  a  corn  field,  near  Frankfort  upon  the 
Oder,  during  a  thunder  ftorm  ;  when  the  lightning  killed  the  firft, 
the  third,  and  the  fifth  of  them,  without  injuring  the  fecond  or 
the  fourth  *. 

It  was  not  owing  to  any  want  of  attention  to  this  fubjeCt  that 
the  Englifh  philofophers  were  not  the  firft  to  verify  the  theory 
of  Dr.  Franklin.  They  happened  to  have  few  opportunities  of 
trying  experiments.  In  the  few  they  had,  they  were  dif- 
appointed  by  the  rain  wetting  their  apparatus,  which  wras  not 
better  conftruCted  than  that  of  the  French. 

At  length  fuccefs  crowned  the  affiduity  and  happier  contrivance 
of  Mr.  Canton,  who,  to  the  lower  end  of  his  conducting  wire, 
had  had  the  precaution  to  fallen  a  tin  cover,  to  keep  the  rain 
from  the  glafs  tube  which  fupported  it.  By  this  means,  on  the 
20th  of  July  1752,  he  got  fparks  at  the  diftance  of  half  an 
inch,  but  the  whole  appearance  ceafed  in  the  fpace  of  two  minutes  f . 

*  Phil.  Tranf.  Vol.  xlvii,  p.  551.  f  Ibid.  p.  568. 
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Mr.  Wilson,  who  took  great  pains  in  thefe  purfuits,  as 
lie  did  in  every  thing  elfe  relating  to  eledricity,  perceived  fe~ 
veral  eledrical  ^naps,  on  the  1 2th  of  Auguft  following,  from 
no  other  apparatus  than  an  iron  curtain  rod  ;  one  end  of  which 
lie  put  into  the  neck  of  a  glafs  phial,  which  he  held  in  his  hand, 
while  the  other  was  made  to  point  into  the  air. 

Dr.  Bevis  alfo,  at  this  time,  viz.  on  the  12th  of  Auguft, 
obferved  nearly  the  fame  appearances  that  Mr.  Canton  had  done 
before  *. 

* 

Mr.  Canton  afterwards,  refuming  his  obfervations  on  light¬ 
ning,  with  the  afliduity  and  accuracy  with  which  he  obferves 
every  thing,  found,  by  a  great  number  of  experiments,  that 
fome  clouds  were  in  a  pofitive,  and  fome  in  a  negative  ftate  of 
eledricity.  And  that,  by  this  means,  the  eledricity  of  his  con- 
dudor  would  fometimes  change  from  one  ftate  to  the  other  five 
or  fix  times  in  lefs  than  half  an  hour 

This  obfervation  of  Mr.  Canton,  on  the  different  eledricity 
of  the  clouds  was  made,  and  the  account  of  it  publilhed  in  England, 
before  it  was  known  that  Dr.  Franklin  had  made  the  fame  difco- 
very  in  America. 

When  the  air  was  dry,  he  obferved,  that  the  apparatus  would 
continue  eledrified  for  ten  minutes,  or  a  quarter  of  an  hour  after 
the  clouds  had  paffed  the  zenith,  and  fometimes  till  they  were 
more  than  half  way  towards  the  horizon ;  that  rain,  efpecially 
when  the  drops  were  large,  generally  brought  down  the  eledric 
fire ;  and  hail  in  fummer,  he  believed,  never  failed.  The  laft 
obfervation  he  had  made  before  the  time  of  his  writing  this  pa¬ 
per,  when  his  apparatus  had  been  eledrified  by  a  fall  of  thawing 
fnow.  This  was  on  the  12th  of  November  1753,  which,  he 
fays,  was  the  26th  day,  and  the  fixty-firft  time,  it  had  been  elec- 

t  Ibid.  Vol.  xlviii.  pt.  i.  p.  356. 
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trifled  fince  it  was  firfl  fet  lip,  viz.  about  the  middle  of  the  pre¬ 
ceding  May. 

Only  two  thunder  ftorms  had  happened  at  London  during 
that  whole  fummer,  and  Mr.  Canton’s  apparatus  was  fo  ftrong- 
ly  eledtrified  by  one  of  them,  that  the  ringing  of  the  bells  (which 
he  fufpended  to  his  apparatus,  to  fignify  when  the  electrifica¬ 
tion  was  begun,  and  which  were  frequently  rung  fo  loud  as 
to  be  heard  in  every  room  in  the  houfe)  was  ftifled  by  the 
almofl  conflant  ftream  of  denfe  ele&ric  fire  between  each  bell  and 
the  brafs  ball,  which  would  not  fuffer  it  to  ftrike. 

•  . '  t  •  •  ;  ;  • 

Upon  a  farther  occahon,  he  obferves,  that  in  the  fucceeding 
months  of  January,  February,  and  March,  his  apparatus  was  elec¬ 
trified  no  lefs  than  twenty-five  times,  both  pofitively  and  nega¬ 
tively,  by  fnow  as  well  as  by  hail  and  rain  j  and  almofl;  to  as 
great  a  degree  when  Fahrenheit’s  thermometer  was  between 
twenty-eight  and  thirty-four,  as  he  had  ever  known  it  in  fum¬ 
mer,  except  in  a  thunder-ftorm  *. 

Mr.  Canton  concludes  his  paper  with  propofing  the  two 
following  queries,  i.  May  not  air  fuddenly  rarefied  give  eledtric 
fire  to,  and  air  fuddenly  condenfed  receive  eledtric  fire  from  clouds 
and  vapours  palling  through  it?  2.  Is  not  the  aurora  borealis 
the  flafhing  of  eledtric  fire  from  pofitive  towards  negative  clouds 
at  a  great  diftance,  through  the  upper  part  of  the  atmofphere, 
where  the  refi fiance  is  leaft  f  ? 

Mr.  Canton  not  only  obferved  the  different  ftates  of  pofitive 
and  negative  eledtricity  in  the  clouds,  but  alfo  noted  the  propor¬ 
tion  that  the  one  bore  to  the  other  for  a  confiderable  time.  In 

-t  .  . 

the  firfl  period  he  had  obferved  the  clouds  had  been  pofitively 
eledtrical  83  times,  and  negative  10 1.  In  this  period  he  had 
juindtually  fet  down  how  often  the  powers  had  fhifted,  and  the 


•  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p.  78^.  f  Ibid.  pt.  i.  p.  358. 
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whole  time  that  the  apparatus  continued  to  be  eledrified,  but  he 
had  intirely  negleded  to  note  the  time  that  each  power  lafled. 
But  this  laft  circumftance  he  afterwards  carefully  attended  to  for 
about  two  months,  viz.  from  the  28th  of  June  to  the  23d  of 
Auguft  1754;  and  found  the  apparatus  to  be  eledrified  pofitive- 
ly  thirty-one  times,  which  taken  together  lafled  three  hours  thirty- 
five  minutes;  and  negatively  forty- five  times,  the  whole  duration 
of  which  was  ten  hours  thirty-nine  minutes.  He  alfo  obferved 
that  the  pofitive  power  was  generally  the  ftronger.  This  account 
he  wrote  the  3 1  fl  of  Auguft  1754. 

T  hese  obfervations,  which  Mr.  Canton  gives  me  leave  to  make 
public,  are  extremely  curious,  and  muft  have  required  great  at¬ 
tention  ;  but  they  are  hardly  fufficient  to  authorize  any  general 
conclufion. 

One  of  the  effeds  of  lightning  and  eledricity  is  the  melting 
ef  metals.  This  was  firft  thought  to  be  a  cold  fufion ;  but  that 
opinion  is  refuted,  in  a  very  fenfible  manner,  by  Dr.  Knight,  in  a 
paper  read  at  the  Royal  Society,  November  22d,  1759.  He  ob- 
ferves,  that  the  inftances  moil  generally  given  of  cold  fufion  are 
two,  viz.  that  of  a  fword  being  melted  in  its  fcabbard,  and 
that  of  money  being  melted  in  a  bag,  both  the  fcabbard  and  the 
bag  remaining  unhurt. 

A  great  number  of  authors,  he  fays,  have  mentioned 
both  the  fads,  but  without  giving  either  their  own  teftimony, 
or  that  of  any  one  elfe  for  the  truth  of  them,  or  defcribing  any 
of  the  other  concomitant  circumftances.  And  it  feemed  to  him 
very  poffible,  that  lightning  might  produce  effeds  fimilar  to  thole 
above  mentioned,  without  our  being  obliged  to  have  rccourfe  to  a 
cold  fufion  to  account  for  them. 

I 

If,  fays  he,  the  edge  or  external  furface  of  a  fword  had  been 
melted,  whilft  the  main  part  of  the  blade  remained  entire,  it 
would  have  afforded  fufficient  ground  to  alfert,  in  general  terms, 
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that  the  fvvord  was  melted,  and  yet  the  fcabbard  might  have  re¬ 
mained  unhurt;  becaufe  either  the  edge  or  furface  of  a  fword 
might  be  inftantly  melted  by  lightning  and  cooled  fo  fuddenly, 
as  to  make  no  impreflion  of  burning  upon  the  fcabbard.  Metals, 
as  well  as  other  bodies,  he  obferves,  will  both  heat  and  cool 
fooner  in  proportion  as  they  are  thin  and  llender ;  that  very  fmall 
wire  will  inftantly  become  red-hot,  and  even  melt,  and  run  into 
a  round  globule  in  the  flame  of  a  common  candle  ;  though  it  is 
no  fooner  removed  out  of  the  flame,  but  it  is  inftantly  cold.  He 
therefore  concludes,  that  the  edge  of  a  fword,  or  even  its  fur- 
face,  might  be  inftantly  melted  by  lightning;  and  being  in  con- 
tad:  with,  or  rather  ftill  united  to  the  reft  of  the  blade,  which 
might  be  cold,  it  would  part  with  its  heat  too  fuddenly  to  pro¬ 
duce  any  appearance  of  burning. 

H  e  was  confirmed  in  this  reafoning,  by  examining  fome 
fragments  and  particles  of  wire  melted  by  lightning,  which 
werefent  him  by  Mr.  Mountaine.  Amongft  them  appeared  glo¬ 
bules  of  various  fizes,  which  had  undergone  very  different  de¬ 
grees  of  fufion.  The  largeft  of  them  had  not  been  fluid  enough 
to  put  on  a  fperical  figure,  but  they  approached  nearer  to  it,  in 
proportion  as  they  were  fmaller  ;  fo  that,  in  the  fmalleft  granule, 
the  fufion  was  moft  perfed,  the  globules  being  very  round  and 
fmooth.  Their  fizes  continued  diminifhing  till  they  became 
invifible  to  the  naked  eye,  and  fome  of  them,  when  viewed 
with  a  inicrofcope,  required  a  third  or  fourth  magnifier  to  fee 
them  diftindly. 

Some  of  the  bits  of  wire  were  rough  and  fcaly,  like  burnt 
iron,  and  were  fwelled  in  thofe  places  where  they  were  be¬ 
ginning  to  melt.  Others  continued  ftraight,  and  of  an  equable 
thicknefs  ;  but  their  outward  furface  feemed  to  have  undergone  a 
perfed  fufion,  fo  that  there  were  two  or  more  pieces  adhering 
together,  as  if  joined  by  a  thin  folder. 

In 
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In  the  Philofophical  Tranfadions,  Dr.  Knight  fays,  there  are 
two  or  three  relations  which  feemed  at  firft  to  favour  a  cold'fu- 
fion,  but  when  duly  confidered  prove  nothing  conclufive  *. 

But  that  there  is  really  no  fuch  thing  as  cold  fufion,  either 
by  eledricity  or  lightning,  was  moft  clearly  demonftrated  by 
Mr.  Kinnerfley,  in  a  letter  to  Dr.  Franklin,  dated  Philadelphia, 
March  12th,  1761. 

He  fufpended  a  piece  of  fmall  brafs  wire,  about  twenty-four 
inches  long,  with  a  pound  weight  at  the  lower  end  ;  and,  by 
fending  through  it  the  charge  of  a  cafe  of  bottles,  containing 
above  thirty  feet  of  coated  glafs,  he  difeovered  what  he  calls  a 
new  method  of  wire-drawing.  The  wire  was  red-hot,  the  whole 
length  well  annealed,  and  above  an  inch  longer  than  before,  A 
fecond  charge  melted  it  fo  that  it  parted  near  the  middle,  and 
meafured,  when  the  ends  were  put  together,  four  inches  longer 
than  at  firft. 

This  experiment,  he  fays,  was  propofed  to  him  by  Dr. 
Franklin,  in  order  to  find  whether  the  electricity,  in  pafling 
through  the  wire,  would  fo  relax  the  cohefion  of  its  conftituent 
particles,  as  that  the  weight  might  produce  a  feparation;  but 
neither  of  them  had  the  leaft  fufpicion  that  any  heat  would  be  pro¬ 
duced. 

That  he  might  have  no  doubt  of  the  wire  being  hot,  as  well 
as  red,  he  repeated  the  experiment  on  another  piece  of  the  fame 
wire,  encompafled  with  a  goofe  quill,  filled  with  loofe  grains 
of  gun-powder  ;  which  took  fire,  as  readily  as  if  it  had  been 
touched  with  a  red  hot  poker.  Alfo  tinder,  tied  to  another  piece 
of  the  wire,  kindled  by  it ;  but  when  he  tried  a  wire  about  twice 
as  big,  he  could  produce  no  fuch  effects. 

*  '  ’  ..  .  .  ..  1 
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Hence,  fays  he,  it  appears,  that  the  eledric  fire,  though  it 
has  no  fenfible  heat,  when  in  a  fiate  of  refi,  will,  by  its  violent 
motion,  and  the  refifiance  it  meets  with,  produce  heat  in  other 
bodies,  when  palling  through  them,  provided  they  be  final! 
enough.  A  great  quantify  will  pafs  through  a  large  wire,  with¬ 
out  producing  any  fenfible  heat ;  when  the  fame  quantity,  pair¬ 
ing  through  a  very  fmall  one,  being  there  confined  to  a  narrower 
paffage,  the  particles  crowding  clofer  together,  and  meeting  with 
a  gi  ^ater  refifiance,  will  make  it  red-hot,  and  even  melt  it. 

Hence  he  concludes,  that  lightning  does  not  melt  metal  by  a 
cold  fufion,  as  Dr.  Franklin  and  himfelf  had  formerly  fiippofed; 
but  that,  when  it  palfed  through  the  blade  of  a  fword,  if  the 
quantity  was  not  very  great,  it  might  heat  the  point  fo  as  to  melt 
it,  while  the  broadeft  and  the  thickeft  part  might  not  be  fenfibly 
warmer  than  before. 

When  trees  and  houfes  are  fet  on  fire  by  the  dreadful  quan¬ 
tity,  which  a  cloud,  or  lometimes  the  earth  difcharges,  mull  not 
the  heat,  fays  he,  by  which  the  wood  is  firfi  kindled,  be  generated 

by  the  lightning’s  violent  motion  through  the  refilling  combuftible 
matter  ? 

If  lightning,  by  its  rapid  motion,  produced  heat  in  itfelf 
as  well  as  in  other  bodies  (which  Mr.  ICinnerfiey  imagined  was 
evident  fiom  lome  experiments  made  with  his  ele£lncal  thermome¬ 
ter,  mentioned  beiore)  he  thought  that  its  fometimes  fingeing 
the  hair  of  animals  killed  by  it  might  cafily  be  account  for;  and 
that  the  reafon  of  its  not  always  doing  lo  might  be,  that  the 
quantity,  though  fufficient  to  kill  a  large  animal,  might  net 
be  great  enough,  or  not  have  met  with  refifiance  enough,  to  be¬ 
come  by  its  motion  burning-hot. 

We  fifrd,  fays  he,  that  dwelling-houfes  ftruck  with  light— 
nmg,  are  feldom  fet  on  fire  by  it ;  but  that  when  it  gaffes  through 
barns,  with  hay  or  firaw  in  them,  or  fiore-houfes  containing 

S  s  ..  large 
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large  quantities  of  hemp,  or  fuch  like  matter,  they  feldom,  if 
ever,  efcape  a  conflagration.  This,  he  thought,  might  be  owing 
to  fuch  combuftibles  being  apt  to  kindle  with  a  lefs  degree  of  heat 

than  was  neceflary  to  kindle  wood 

All  that  was  done  by  the  French  and  Englifh  elearicians, 

with  refpea  to  lightning  and  ele&ricity,  fell  far  fhort  of  what 
was  done  bySignior  Beccaria  at  Turin.  His  attention  to  the 
various  hates  of  the  atmofphere,  his  affiduity  in  making  ex¬ 
periments,  his  apparatus  for  making  them,  the  extent  of  his 
views  in  making  them,  the  minute  exa&nefs  with  which  he  has 
recorded  them,  and  his  judgment  in  applying  them  to  a  general 
theory,  far  exceeded  every  thing  that  had  been  done  by  phi- 
lofophers  before  him,  or  that  has  been  done  by  any  perfon  fince. 
And  though  I  fhall  give  confiderable  fcope  to  my  account  of  his 
experiments  and  obfervations,  I  fhall  be  able  to  give  my  reader 
but  a  faint  idea  of  the  extent,  variety,  and  value  of  his  labours  in 

this  great  field. 

He  made  ufe  both  of  kites  and  pointed  rods,  and  or  a  great 
variety  of  both  at  the  fame  time,  and  in  different  places.  Some 
of  the  firings  of  his  kites  had  wires  in  them,  and  others  had 
none.  Some  of  them  flew  to  a  prodigious  height,  and  others 
but  low;  and  he  had  a  great  number  of  afiiftants,  to  note  the 
nature,  time,  and  degree  of  appearances,  according  as  his  views 
required. 

To  keep  his  kites  conftantly  infulated,  and  at  the  fame  time  to 
give  them  more  or  lefs  firing,  and  for  many  other  purpofes, 
he  had  the  firing  rolled  upon  a  reel,  which  was  fupported  by 
pillars  of  glafs;  and  his  condu&or  had  a  communication  with 
the  axis  of  the  reel  . 


*  Phil.  Tranf.  Vol.  liii.  p.  92,  &c.  +  Lettere  dell’  elettncifmo,  p.  112. 
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To  diftinguifh  the  pofitive  and  negative  ftate  of  the  clouds, 
when  the  electricity  was  vigorous,  with  more  certainty,  and  with 
more  fafety  than  it  could  be  done  by  prefehting  an  excited  Hick 
of  glafs,  or  fealing-wax  to  threads  diverging  from  his  conductor  ; 
he  inclofed  a  pointed  wire  and  a  flat  piece  of  lead  oppoiite  to 
it  within  a  cylindrical  glafs  veflel,  wrapped  in  pafteboard,  fo  that 
the  infide  could  have  no  communication  with  the  external  light. 
Into  this  cover,  and  oppofite  to  the  point  of  the  wire,  he  inferted 
a  very  long  tube  of  pafteboard;  through  which  he  could  look 
from  a  confiderable  diftance,  and  fee  the  form  of  the  eleCtric  light 
at  the  end  of  the  wire ;  which  is  the  lurefl:  indication  of  its 
quality  *. 

From  Signior  Beccaria’s  extremely  exaCt  and  circumftantial 
account  of  the  external  appearances  of  thunder  clouds,  which  he 
prefixes  to  his  obfervations  on  their  probable  caufes,  I  fhall 
draw  a  general  outline  of  the  moft  remarkable  particulars,  in 
the  ufual  progrefs  of  a  thunder  ftorm. 

The  firft  appearance  of  a  thunder  ftorm  (which  generally 
happens  when  there  is  little  or  no  wind)  is  one  denfe  cloud,  or 
more,  increafing  very  faft  in  fize,  and  rifing  into  the  higher  re¬ 
gions  of  the  air.  The  lower  furface  is  black,  and  nearly  level ; 
but  the  upper  finely  arched,  and  well  defined.  Many  of  thefe 
clouds  often  feem  piled  one  upon  another,  all  arched  in  the 
lame  manner  ;  but  they  keep  continually  uniting,  fwelling,  and 
extending  their  arches. 

At  the  time  of  the  rifing  of  this  cloud,  the  atmofphere  is  ge¬ 
nerally  full  of  a  great  number  of  feparate  clouds,  motionlefs, 
and  of  odd  and  whimfical  fhapes.  All  thefe,  upon  the  appear¬ 
ance  of  the  thunder  cloud,  draw  towards  it,  and  become  more 
uniform  in  their  fhapes  as  they  approach ;  till,  coming  very 

*  Lettere  dell’  elettricifmo,  p.  107. 
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near  the  thunder  cloud,  their  limbs  mutually  ftretch  towards  one 
another;  t,hey  immediately  coalefce,  and  together  make  one  uni¬ 
form  mafs.  Thefe  he  calls  adfcititious  clouds,  from  their  coming 
in,  to  enlarge  the  fize  of  the  thunder  cloud.  But,  fometimes 
the  thunder  cloud  will  fwcll,  and  increafe  very  fall  without  the 
conjun&ion  of  any  adfcititious.  clouds,  the  vapours  in  the  atmo- 
fphere  forming  themfelves  into  clouds  wherever  it  palfes.  Some 
of  the  adfcititious  clouds  appear  like  white  fringes,  at  the  fkirts 
of  the  thunder  cloud,  or  under  the  body  of  it,  but  they  keep  con¬ 
tinually  growing  darker  and  darker,  as  they  approach  to  unite 
with  it. 

When  the  thunder  cloud  is  grown  to  a  great  fize,  its  lower 
furface  is  often  ragged,  particular  parts  being  detached  towards 
the  earth,  but  hill  connected  with  the  reft.  Sometimes  the  lower 
furface  fwells  into  various  large  protuberances  bending  uniformly 
towards  the  earth.  And  fometimes  one  whole  fide  of  the  cloud 
will  have  an  inclination  to  the  earth,  and  the  extremity  of  it 
will  nearly  touch  the  earth  A  When  the  eye  is  under  the  thunder 
cloud,  after  it  is  grown  larger,  and  well  formed,  it  is  feen  to 
fink  lower,  and  to  darken  prodigioufly ;  at  the  fame  time  that  a 
number  of  fmall  adfcititious  clouds  (the  origin  of  which  can  never 
be  perceived)  are  feen  in  a  rapid  motion,  driving  about  in  very 
uncertain  dire&ions  under  it.  While  thefe  clouds  are  agitated 
with  the  moft  rapid  motions,  the  rain  generally  falls  in  the 
greateft  plenty,  and  if  the  agitation  be  exceedingly  great,  it 
commonly  hails  f . 

While  the  thunder  cloud  is  fwelling,  and  extending  its 
branches  over  a  large  tradt  of  country,  the  lightning  is  feen 
to  dart  from  one  part  of  it  to  another,  and  often  to  illuminate 
its  whole  mafs.  When  the  cloud  has  acquired  a  fufficient  ex- 

*  Lettere  dell’ elettricifnao,  p.  15 1.  f  ibid,  p.  155. 
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tent,  the  lightning  Strikes  between  the  cloud  and  the  earth,  in 
two  oppofite  places,  the  path  of  the  lightning  lying  through  the 
whole  body  of  the  cloud  and  its  branches.  The  longer  this 
lightning  continues,  the  rarer  does  the  cloud  grow,  and  the  lefs 
dark  is  its  appearance ;  till,  at  length,  it  breaks  in  different  places, 
and  Shows  a  clear  Sky.  When  the  thunder  cloud  is  thus  dif- 
perfed,  thofe  parts  which  occupy  the  upper  regions  of  the  at- 
mofphere  are  equally  fpread,  and  very  thin  ;  and  thofe  that  are 
underneath  are  black,  but  thin  too:  and  they  vanifh  gradually, 
without  being  driven  away  by  any  wind  *. 

Having  feen  what  this  philofopher  obferved  abroad,  and 
in  the  air,  let  us  fee  what  he  took  notice  of  at  his  apparatus 
within  doors.  This  never  failed  to  be  eledrified  upon  every  ap¬ 
proach  of  a  thunder  cloud,  or  any  of  its  branches  ;  and  the  Stream 
of  fire  from  it  was  generally  perpetual,  while  it  was  dir e&ly  over 
the  apparatus  f. 

That  thunder  clouds  were  fometimcs  in  a  pofitive  as  well  as 
negative  hate  of  eledricity,  Signior  Beccaria  had  difcovered,  be¬ 
fore  he  heard  of  its  having  beeti  obferved  by  Dr.  Franklin, 
or  any  other  pcrfon  if.  The  dime  cloud,  in  paffing  over  his  ob¬ 
servatory,  eledrified  his  apparatus,  Sometimes  pofitively,  and 
Sometimes  negatively  §.  The  eledricity  continued  longer  of  the 
Same  kind,  in  proportion  as  the  thunder  cloud  was  Simple,  and 
uniform  in  its  diredion  ;  but  when  the  lightning  changed  its  place, 
there  commonly  happened  a  change  in  the  eledricity  of  his  ap¬ 
paratus.  It  would  change  Suddenly  after  a  very  violent  flafh  of 
lightning,  but  the  change  would  be  gradual  when  the  light¬ 
ning  was  moderate,  and  the  progrefs  of  the  thunder  cloud  flow. 

It  was  an  immediate  inference  from  his  observations  of  the 
lightning  abroad,  and  his  apparatus  within,  that  the  quantity 


*  Lettere  deli’  elettriciTmo,  p.  146.  176. 
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of  cledric  matter,  in  an  ufual  florin  of  thunder,  is  almofl  in¬ 
conceivably  great,  confidering  how  many  pointed  bodies,  as 
trees,  fpires,  &c.  are  perpetually  drawing  it  off,  and  what  a  pro¬ 
digious  quantity  is  repeatedly  difcharged  to,  or  from  the  earth  *. 

After  this  fummary  view  of  appearances,  I  fhall,  in  the  fame 
fuccinfl  manner  explain  the  hypothefis  by  which  this  excellent 
philofopher  accounts  for  them,  and  fome  other  principal  and  well 
known  phenomena  of  thunder  florins. 

Considering  the  vafl  quantity  of  eleflric  fire  that  appears 
in  the  mod  fimple  thunder  florms,  he  thinks  it  impoffible  that 
any  cloud,  or  number  of  clouds  fhould  ever  contain  it  all,  fo  as 
either  to  difcharge  or  receive  it.  Befides,  during  the  progrefs  and 
increafe  of  the  florin,  though  the  lightning  frequently  flruck  to 
the  earth,  the  fame  clouds  were  the  next  moment  ready  to 
make  a  Hill  greater  difcharge,  and  his  apparatus  continued  to 
be  as  nfuch  affedted  as  ever.  The  clouds  mufl,  confequently, 
have  received  at  one  place,  the  moment  that  a  difcharge  was  made 
from  them  in  another  j\  In  many  cafes,  the  eledlricity  of  his 
apparatus,  and  confequently  of  the  clouds,  would  inflantly 
change  from  one  kind  to  another  feveral  times  ;  an  effedl  which 
cannot  be  accounted  for  by  any  fimple  difcharge,  or  recruit.  Both 
mufl  have  taken  place  in  a  very  quick  fucceffion 

The  extent  of  the  clouds  doth  not  leffen  this  difficulty :  for, 
be  it  ever  fo  great,  flill  the  quantity  ought  to  be  leffened  by 
every  difcharge  :  and,  befides,  the  points,  by  which  the  filent 
difcharges  are  made,  are  in  proportion  to  the  extent  of  the 
clouds  §.  Nor  is  the  difficulty  leffened  by  fuppofing  that  frefh 
clouds  bring  recruits  ;  for  befides  that  the  clouds  are  not  ripe 
for  the  principal  florin,  till  all  the  clouds,  to  a  great  diflance,  have 
actually  coalefced,  and  formed  one  uniform  mafs,  thofe  recruits 

*  Lettere  dell’ elettricifmo,  p.  180.  t  Ibid.  p.  183.  188. 

t  Ibid.  p.  22c.  §  Ibid,  p.  185. 
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bear  no  fort  of  proportion  to  the  difcharge,  and  whatever  it  was, 
it  would  Toon  be  exhaufted. 

The  faCt,  therefore,  mufl  be,  that  the  eleCtric  matter  is  con¬ 
tinually  darting  from  the  clouds  in  one  place,  at  the  fame  time 
that  it  is  difcharged  from  the  earth  in  another.  And  it  is  a  ne- 
ceffary  confequence  from  the  whole,  that  the  clouds  ferve  as  con¬ 
ductors  to  convey  the  eleCtric  fluid  from  thofe  places  of  the  earth 
which  are  overloaded  writh  it,  to  thofe  which  are  exhaufted 
of  it  *.  ’  T; 

To  afcertain  this  faCt  in  the  moft  complete  manner,  be  pro- 
pofes  that  two  obfervatories  be  fixed,  about  two  leagues  afun- 
der,  in  the  ufual  path  of  the  thunder  clouds  ;  and  that  obferva- 
tions  be  made,  whether  the  apparatus  be  not  often  pofitive  at  one 
place,  when  it  is  negative  at  the  other  -j^. 

T  hat  great  quantities  of  eleCtric  matter  do  fometimes  rufh 
out  of  particular  parts  of  the  earth,  and  rife  through  the  air, 
into  the  higher  regions  of  tfce  atmofphere,  he  thinks  is  evident 
from  the  great  quantities  of  fand,  afhes,  and  other  light  fub- 
ftances,  which  have  often  been  carried  up  into  the  air,  and  fcat- 
tered  uniformly  over  a  large  traCt  of  country  No  other 
knowm  efficient  caufe  of  this  phenomenon  can  be  affigned,  ex¬ 
cept  the  wind ;  and  it  has  been  obferved  when  there  was  no 
wind  ftirring  ;  and  the  light  bodies  have  even  been  carried  againft 
the  wind  §.  He  fuppofes,  therefore,  that  thefe  light  bodies 
are  railed  by  a  large  quantity  of  eleCtric  matter  ifluing  out  of  the 
earth,  where  it  was  overcharged  with  it,  and  (by  that  property 
of  it  which  he  had  demonftrated)  attracting,  and  carrying  with 
it  every  fubftance  that  could  ferve  as  a  conductor  in  its  paffage. 
All  thefe  bodies,  being  poffefled  of  an  equal  quantity  of  the  elec¬ 
tric  fluid,  wfill  be  difperfed  equally  in  the  air,  and  confequently 

*  Lettere  dell’  elettricifmo,  p.  193.  f  Ibid.  p.  194.  *  J  Ibid.  p.  199. 
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over  that  part  of  the  earth  where  the  fluid  was  wanting,  and 
whither  they  ferve  to  convey  it  *.  ITad  thefe  bodies  been  raifcd 
by  the  wind,  they  would  have  been  difperfed  at  random,  and  in 

heaps. 

This  comparatively  rare  phenomenon  (but  of  which  he  had 
been  more  than  once  a  fpedator)  he  thinks  exhibits  both  a  perfect 
image,  and  a  demonftration,  of  the  manner  in  which  the  vapours 
of  the  atmofphere  are  raifed  to  form  thunder  clouds.  The  fame 
eledric  matter,  wherever  it  ifiues,  attrads  to  it,  and  carries  up  in¬ 
to  the  higher  regions  of  the  air,  the  watery  particles  that  are 
difperfed  in  the  atmofphere.  The  electric  matter  afcends  to  the 
higher  regions  of  the  atmofphere,  being  folicited  by  the  lefs  re- 
flftance  it  finds  there  than  in  the  common  mafs  of  the  earth  ; 
which,  at  thofe  times,  is  generally  very  dry,  and  confequently 
highly  eledric.  The  uniformity  with  which  thunder  clouds  fpread 
themfelves,  and  fwell  into  arches,  muft  be  owing  to  their  being 
affeded  by  fome  caufe  which,  like  the  eledric  matter,  diffufes 
itfelf  uniformly  wherever  it  ads,  and  to  the  reflftance  they  meet 
with  in  afcending  through  the  air  f .  As  a  proof  of  this,  fleam, 
rifing  from  an  eledrified  eolipile,  diffufes  itfelf  with  the  fame 
uniformity,  and  in  fimilar  arches,  extending  itfelf  towards  any 
conduding  fubftance  ±. 

The  fame  caufe  which  firft  raifed  a  cloud,  from  vapours  dif¬ 
perfed  in  the  atmofphere,  draws  to  it  thofe  that  are  already 
formed,  and  continues  to  form  new  ones,  till  the  whole  colled- 
ed  mafs  extends  fo  far  as  to  reach  a  part  of  the  earth  where  there 
is  a  deficiency  of  the  eledric  fluid  §.  Thither  too,  will  thofe 
clouds,  replete  with  eledricity,  be  flrongly  attraded,  and  there 
will  the  eledric  matter  difcharge  itfelf  upon  the  earth.  A 
channel  ot  communication  being,  in  this  manner,  found,  a 

*  Letterc  dell’  elettricifmo,  p.  202.  f  ibid.  p.  205. 

t  Ibid.  p.  206.  §  Ibid,  p.  212. 
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frefli  ffipply  of  dearie  matter  will  be  raifed  from  the  overload¬ 
ed  part,  and  will  continue  to  be  conveyed  by  the  medium  of 
the  clouds,  till  the  equilibrium  of  the  fluid  between  the  two 
places  of  the  earth  be  reftored.  When  the  clouds  are  attraded 
in  their  paflage  by  thofe  parts  of  the  earth  where  there  is  a  de¬ 
ficiency  of  the  fluid,  thofe  detached  fragments  are  formed,  and 
alfo  thofe  uniform  depending  protuberances,  which  will  be  ffiown 
to  be,  in  fome  cafes,  the  caule  of  water-fpouts  and  hurricanes  *. 

That  the  eledric  matter,  which  forms  and  animates  the 
thunder  clouds,  iflues  from  places  far  below  the  furface  of  the 
earth,  and  that  it  buries  itfelf  there,  is  probable  from  the  deep 
holes  that  have,  in  many  places,  been  made  by  lightningf. 
Flafhes  of  lightning  have,  alfo,  been  feen  to  arife  from  fubterrane- 
ous  cavities,  and  from  wells  f.  Violent  inundations  have  ac¬ 
companied  thunder  ftorms,  not  occafioned  by  rain,  but  by  water 
burfting  from  the  bowels  of  the  earth,  from  which  it  muft  have 
been  diflodged  by  fome  internal  concuflion.  Deep  wells  have 
been  known  to  fill  fafter  in  thunder  ftorms  §,  and  others  have 
conftantly  grown  turbid  at  the  approach  of  thunder  |(. 

This  very  rife,  as  well  as  the  whole  progrefs  of  thunder  clouds, 
has  fometimes  been,  in  a  manner,  vifible.  Exhalations  have 
been  frequently  feen  to  rife  from  particular  caverns,  attended  with 
a  rumbling  noife,  and  to  afeend  into  the  higher  regions  of  the 
air,  with  all  the  phenomena  of  thunder  ftorms  deferibed  above, 
according  to  the  defeription  of  perfons  who  lived  long  before 
the  connexion  between  electricity  and  lightning  was  fuf- 
peCted  $[. 

The  greateft  difficulty  attending  this  theory  of  the  origin  of 
thunder  ftorms  relates  to  the  collection,  and  infulation  of  eleCtric 

*  Lettere  dell'  elettriciOno,  p.  214.  f  Ibid.  p.  227.  %  Ibid.  p.  228. 

*  Ibld*  P*  233*  II  Ibid.  p.  360.  <1  Ibid.  p.  231. 
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matter  within  the  body  of  the  earth.  With  refped  to  the  for¬ 
mer,  he  has  nothing  particular  to  lay.  Some  operations  m 
nature  are  certainly  attended  with  a  lofs  of  the  equilibrium  in  the 
eledric  fluid,  but  no  perfon  has  yet  affigned  a  mere  probable  caufe 
of  the  redundancy  of  the  eledric  matter  which,  in  fad,  often 
abounds  in  the  clouds,  than  what  we  may  fuppofe  poffible  to* 
take  place  in  the  bowels  of  the  earth.  And  fuppofing  the  lofs 
of  the  equilibrium  poffible,  the  fame  caufe  that  produced  the  effed 
would  prevent  the  reftoring  of  it ;  fo  that  not  being  able  to  force 
away,  at  leaf!  one  fufficiently  ready,  through  the  body  of  the 
earth,  it  would  iffue  at  the  mod  convenient  vent  into  the  higher  re¬ 
gions  of  the  air,  as  the  better  paffage.  His  eledrical  apparatus, 
though  communicating  with  the  earth,  has  frequently,  in  violent 
thunder  dorms,  given  evident  fparks  to  his  dnger  *. 

In  the  enumeration  of  the  effeds  of  thunder  dorms,  he  ob- 
ferves  that  a  wind  always  blows  from  the  place  from  which  the 
thunder  cloud  proceeds ;  that  this  is  agreeable  to  the  obfervations 
of  all  mariners,  and  that  the  wind  is  more  or  lefs  violent  in 
proportion  to  the  fuddennels  of  the  appearance  oa  the  thunder 
cloud,  the  rapidity  of  its  expanfion,  and  the  velocity  with  which 
the  adfeititious  clouds  join  it.  The  fudden  condenfation  of  fuch 
a  prodigious  quantity  of  vapours  mud  difplace  the  air,  and  repel 
it  on  all  hides  -f . 

He,  in  fome  meafure,  imitated  even  this  effed  of  thunder, 
at  lead  produced  a  circulation  of  all  the  air  in  his  room,  by  the 
continued  eledriheation  of  his  chain  J. 

Among  other  effeds  of  lightning,  he  mentions  the  cafe  of  a 
man  rendered  exceedingly  did",  prefently  after  he  was  druck  dead 
in  a  dorm  of  thunder.  But  the  mod  remarkable  circumdance,  in 
this  cafe,  was  the  lightning  (chufing  the  bed  condudor)  having 

*  Lettere  dell’  elettricifmo,  p,  236.  +  Ibid.  p.  339,  340. 
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{truck  one  particular  vein,. near  his  neck,  and  followed  it  through 
its  minuted;  ramifications  ;  fo  that  the  figure  of  it  appeared 
through  the  {kin,  finer  than  any  pencil  could  have  drawn  it  *. 

ITe  cautions  perfons  not  to  depend  upon  the  neighbourhood 
of  a  higher,  or,  in  all  cafes,  a  better  conductor  than  their  own 
body;  fince,  according  to  his  repeated  obfervations,  the  lightning 
by  no  means  defcends  in  one  undivided  track ;  but  bodies  of 
various  kinds  conduct  their  (hare  of  it,  at  the  fame  time,  in  pro¬ 
portion  to  their  quantity  and  conducting  power  f. 

A  great  number  of  obfervations,  relating  to  the  defcent  of 
lightning,  confirm  his  theory  of  the  manner  of  its  afcent :  for, 
in  many  cafes,  it  throws  before  it  the  parts  of  conducting  bodies, 
and  diftributes  them  along  the  redding  medium  through  which  it 
mud;  force  its  padage 

Upon  this  principle  it  is,  that  the  longed  flafhes  of  lightning 
feem  to  be  made,  by  its  forcing  into  its  way  part  of  the  vapours 
in  the  air  §.  One  of  the  principal  reafons  why  thofe  dallies  make 
fo  long  a  rumbling,  is  their  being  occadoned  by  the  vab  length  of 
a  vacuum,  made  by  the  paffage  of  the  eleCtric  matter.  For 
though  the  air  collapfes  the  moment  after  it  has  paffed,  and  the 
vibration  (on  which  the  found  depends)  commences  at  the  fame 
moment,  through  the  whole  length  of  the  track  ;  yet,  if  the  dafh 
was  direded  towards  the  perfon  who  hears  the  report,  the  vibra¬ 
tions  excited  at  the  nearer  end  of  the  track  will  reach  his  ear 
much  fooner  than  thofe  excited  at  the  more  remote  end ;  and 
the  found  will,  without  any  repercuflion  or  echo,  continue  till 
all  the  vibrations  have  fucceflively  reached  him  ||. 

I  must  introduce  in  this  place  a  very  curious  experiment  and 
obfervation  of  Mr.  Lullin,  concerning  the  production  of  eleCtricity 

f  Ibid,  p,  246. 
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in  the  clouds.  He  made  a  long  infulated  pole  projed  from  the- 
fide  of  one  of  the  Alps;  and,  on  the  29th  *of  June  1766,  ob~ 
ferved,  that  when  fmall  clouds  of  vapour,  raifed  by  the  heat  of 
the  fun,  rofe  near  the  foot  of  the  mountain,  and  afcended  along 
the  fide  of  it;  if  they  touched  the  extremity  of  the  pole  only,  it 
was  eledrified ;  but  if  the  whole  pole,  and  confequently  part  of 
the  hill  on  which  it  flood,  was  likewife  involved,  it  was  not  elec¬ 
trified.  From  this  he  concludes,  that  the  eledricity  of  the 
clouds  is  produced  by  their  pafling  through  the  air  while  the 
fun  fliines  upon  them.  But  to  which  of  thefe  two  circum- 
fiances,  namely  the  motion  through  the  air,  or  the  adion  of  the 
fun’s  rays,  this  was  owing,  he  could  not  determine,  though  he 
made  feveral  experiments  for  that  purpofe  *. 

One  of  the  moft  remarkable  effeds  of  lightning  is,  that  it  gives 
polarity  to  the  magnetic  needle,  and  to  all  bodies  that  have  any 
thing  of  iron  in  them,  as  bricks,  &c.  and  by  obferving  which 
way  the  poles  of  thefe  bodies  lye,  it  may  be  known,  with  the 
utmoft  certainty,  in  what  diredion  the  ftroke  paffed  In  one 
cafe  S.  Beccaria  adually  afcertained  the  diredion  of  the  lightning 
in  this  manner 

Since  a  fudden  flroke  of  lightning  gives  polarity  to  magnets', 
he  conjedures  that  a  regular  and  conftant  circulation  of  the 
whole  mafs  of  the  fluid,  from  North  to  South,  may  be  the  ori¬ 
ginal  caufe  of  magnetifm  in  general  §.  This  is  a  truly  great 
thought;  and,  if  juft,  will  introduce  greater  fimplicity  into  our 
conceptions  of  the  laws  of  nature. 

That  this  etherial  current  is  infenfible  to  us,  is  no  proof  of 
its  non-exiftence,  fince  we  ourfelves  are  involved  in  it.  He  had 
feen  birds  fly  fo  near  a  thunder  cloud,  as  he  was  fare  they  would 
not  have  done,  if  they  had  been  affeded  by  its  atmofpliere  ||. 

*  Di/fertatio  phyfica,  p.  42.  f  Lettere  dell’  elettrici&no,  p.  262. 
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This  current  he  would  not  fuppofe  to  arlfe  from  one  fource, 
but  from  feveral,  in  the  northern  hemifphere  of  the  earth.  The 
aberration  of  the  common  center  of  all  thefe  currents  from  the 
North  point  may  be  the  caufe  of  the  variation  of  the  needle,  the 
period  of  this  declination  of  the  center  of  the  currents  may  be 
the  period  of  the  variation,  and  the  obliquity  with  which  the 
currents  flrike  into  the  earth  may  be  the  caufe  of  the  dipping  of 
the  needle,  and  alfo  wThy  bars  of  iron  more  eafily  receive  the  mag¬ 
netic  virtue  in  one  particular  direction  *. 

He  thinks  that  the  Aurora  Borealis  may  be  this  electric  matter 
performing  its  circulation,  in  fuch  a  hate  of  the  atmofphere  as  ren¬ 
ders  it  vifible,  or  approaching  nearer  to  the  earth  than  ufual. 
Accordingly  very  vivid  appearances  of  this  kind  have  been  ob- 
ferved  to  occafion  a  fluctuation  in  the  magnetic  needle  ■f*. 

Stones  and  bricks  (truck  by  lighning  are  often  vitrified.  He 
fuppofes  that  fome  (tones  in  the  earth,  having  been  (truck  in  this 
manner,  fir  ft  gave  occafion  to  the  vulgar  opinion  of  the  thunder 
bolt  J. 

Sign ior  Beccaria  was  very  fenbble  that  heat  contributes 
much  to  the  phenomena  of  thunder,  lightning,  and  rain;  but 
he  could  not  find,  by  any  experiment,  that  it  tended  to  promote 
electricity.  He,  therefore,  rather  thought  that  heat  operated, 
in  this  cafe,  by  exhaling  the  moilture  of  the  air,  and  thereby 
cutting  off  the  communication  of  the  eledric  fluid  between  one 
place  and  another,  particularly  between  the  earth  and  the  higher 
regions  of  the  air,  whereby  its  effeds  were  more  vifible  §. 

Having  entertained  my  reader  with  the  obfervations  of  this 
great  Italian  genius,  I  muft  once  more  condud  him  to  France, 
where  he  will  fee  feveral  experiments  well  worth  his  notice.  In 
this  country  we  have  feen  that  Dr.  Franklin’s  theory  of  the 

*  Lettere  dell’  elettricifino,  p,  269.  f  Ibid.  p.  272.  J  Ibid,  p.  263. 
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identity  of  electricity  and  the  matter  of  lightning  was  firft  veri¬ 
fied,  and  we  (hall  now  fee  it  verified  in  the  grandeft  and  mod 
confpicuous  manner. 

The  greateft  quantity  of  eleiftricity  that  was  ever  brought  from 
the  clouds,  by  any  apparatus  prepared  for  that  purpofe,  was  by 
Mr.  De  Romas,  afTeffor  to  the  prefideal  of  Nerac.  This  gentle¬ 
man  was  the  firft  who  made  ufe  of  a  wire  interwoven  in  the 
hempen  cord  of  an  ele&rical  kite,  which  he  made  feven  feet  and 
a  half  high,  and  three  feet  wide,  fo  as  to  have  eighteen  fquare  feet 
of  furface.  This  cord  was  found  to  conduct  the  ele  Tricity  of 
the  clouds  more  powerfully  than  a  hempen  cord  would  do,  even 
though  it  was  wetted ;  and,  being  terminated  by  a  cord  of  dry 
filk  it  enabled  the  obferver  (by  a  proper  management  of  his  ap¬ 
paratus)  to  make  whatever  experiments  he  thought  proper,  with¬ 
out  danger  to  himfelf. 

By  the  help  of  this  kite,  on  the  7th  of  June  1753,  about 
one  in  the  afternoon,  when  it  was  raifed  550  feet  from  the  ground, 
and  had  taken  780  feet  of  firing,  making  an  angle  of  near  forty- 
five  degrees  with  the  horizon ;  he  drew  fparks  from  his  con¬ 
ductor  three  inches  long  and  a  quarter  of  an  inch  thick,  the  flap¬ 
ping  of  which  was  heard  about  200  paces.  Whilfl  he  was 
taking  thefe  fparks,  he  felt,  as  it  were,  a  cobweb  on  his  face, 
though  he  was  above  three  feet  from  the  firing  of  the  kite;  after 
which  he  did  not  think  it  fafe  to  hand  fo  near,  and  called  aloud 
to  all  the  company  to  retire,  as  he  did  himfelf  about  two  feet. 

Thinking  himfelf  now  fecure  enough,  and  not  being  in¬ 
commoded  by  any  body  very  near  him,  he  took  notice  of  what 
pafTecl  among  the  clouds  which  were  immediately  over  the  kite  ; 
but  could  perceive  no  lightning  either  there  or  any  where  elfe, 
nor  fcarce  the  leafl  noife  of  thunder,  and  there  was  no  rain  at 
all.  The  wind  was  Weft,  and  pretty  ftrong,  which  raifed  the  kite 
100  feet  higher,  at  leaft,  than  in  the  other  experiments. 

After- 
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Afterwards,  carting  his  eyes  on  the  tin  tube,  which  was 
fattened  to  the  bring  of  the  kite,  and  about  three  feet  from  the 
ground,  he  faw  three  rtraws,  one  of  which  was  about  one  foot 
long,  a  fecond  four  or  five  inches,  and  the  third  three  or  four 
inches,  all  banding  ereCt,  and  performing  a  circular  dance, 
like  puppets,  under  the  tin  tube,  without  touching  one  an¬ 
other. 

This  little  fpe&acle,  which  much  delighted  feveral  of  the 
company,  lafted  about  a  quarter  of  an  hour;  after  which,  fome 
drops  of  rain  falling,  he  again  perceived  the  fenfation  of  the 
cobweb  on  his  face,  and  at  the  fame  time  heard  a  continual 
ruffling  noife,  like  that  of  a  fmall  forge  bellows.  This  was  a 
farther  warning  of  the  increafe  of  electricity ;  and  from  the  firft 
inftant  that  Mr.  De  Romas  perceived  the  dancing  rtraws,  he 
thought  it  not  advifeable  to  take  any  more  fparks  even  with  all 
his  precautions ;  and  he  again  intreated  the  company  to  fpread 
themfelves  to  a  bill  greater  diftance. 

Immediately  after  this  came  on  the  laft  aCt  of  the  entertain¬ 
ment,  which  Mr.  De  Romas  acknowledged  made  him  tremble. 
The  longeft  rtraw  was  attracted  by  the  tin  tube,  upon  which 
followed  three  explofions,  the  noife  of  which  greatly  refembled 
that  of  thunder.  Some  of  the  company  compared  it  to  the  ex- 
plofion  of  rockets,  and  others  to  the  violent  cradling  of  large 
earthen  jars  againft  a  pavement.  It  is  certain  that  it  was  heard 
into  the  heart  of  the  city,  notwithftanding  the  various  noifes 
there. 

The  fire  that  was  feen  at  the  inrtant  of  the  explofion  had  the 
fhape  of  a  fpindle  eight  inches  long  and  five  lines  in  diameter. 
But  the  moft  aftonifhing  and  diverting  circumftance  was  pro¬ 
duced  by  the  rtraw,  which  had  occafioned  the  explofion,  follow¬ 
ing  the  bring  of  the  kite.  Some  of  the  company  faw  it  at  forty- 
five  or  fifty  fathoms  dirtance,  attracted  and  repelled  alternately, 
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with  this  remarkable  circnmftancc,  that  every  time  it  was  attract¬ 
ed  by  the  firing,  flalhes  of  fire  were  feen,  and  cracks  were  heard, 
though  not  fo  loud  as  at  the  time  of  the  former  explofion. 

It  is  remarkable,  that,  from  the  time  of  the  explofion  to 
the  end  of  the  experiments,  no  lightning  at  all  was  feen,  nor 
fcarce  any  thunder  heard.  A  fmell  of  fulphur  was  perceived, 
much  like  that  of  the  luminous  cledric  effluvia  ifiuing  out  of  the 
end  of  an  electrified  bar  of  metal.  Round  the  firing  appeared 
a  luminous  cylinder  of  light,  three  or  four  inches  in  diameter ; 
and  this  being  in  the  day-time  Mr.  De  Romas  did  not  queftion 
but  that,  if  it  had  been  in  the  night,  that  ele&ric  atmofphere 
would  have  appeared  to  be  four  or  five  feet  in  diameter.  Laft- 
ly,  after  the  experiments  were  over,  a  hole  was  difeovered  in  the 
ground,  perpendicularly  under  the  tin  tube,  an  inch  deep,  and 
half  an  inch  wide,  which  was  probably  made  by  the  large  flafhes 
that  accompanied  the  explofions. 

An  end  was  put  to  thefe  remarkable  experiments  by  the  falling 
of  the  kite,  the  wind  being  fhifted  into  the  Eafi,  and  rain  mixed 
with  hail  coming  on  in  great  plenty;.  Whilft  the  kite  was  fall¬ 
ing,  the  firing  came  foul  of  a  penthoufe ;  and  it  was  no  fooner 
difengaged,  than  the  perfon  who  held  it  felt  fuch  a  ftroke  in  his 
hands,  and  fuch  a  commotion  through  his  whole  body,  as  obliged 
him  infiantly  to  let  it  go;  and  theftring,  falling  on  the  feet 
of  fome  other  perfons,  gave  them  a  fliock  alfo,  though  much  more 
tolerable  *. 

The  quantity  of  ele&ric  matter  brought  by  this  kite  from  the 
clouds  at  another  time  is  really  afionilhing.  On  the  26th  of 
Auguft  1756,  the  ftreams  of  fire  ifiuing  from  it  were  obferved  to 
be  an  inch  thick,  and  ten  feet  long.  This  amazing  flafti  of 

lightning,  the  effeCt  of  which  on  buildings  or  animal  bodies, 

>»■ 

*  Gent.|Magaz.  for  Auguft  1756,  p.  378. 
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would  perhaps  have  been  equally  deftru&ive  with  any  that  are 
mentioned  in  hiflory,  was  fafely  conduced  by  the  cord  of  the  kite 
to  a  non-eleCtric  body  placed  near  it,  and  the  report  was  equal  to 
that  of  a  piftol. 

Mr.  Romas  had  the  curiofity  to  place  a  pigeon  in  a  cage 
of  glafs,  in  a  little  edifice,  which  he  had  purpofely  placed,  fo 
as  that  it  fhould  be  demolifhed  by  the  lightning  brought  down  by 
his  kite.  The  edifice  was,  accordingly,  lhattered  to  pieces,  but 
the  cage  and  the  pigeon  were  not  ftruck  *. 

The  Abbe  Nollet,  how  gives  this  account,  adds,  that  it 
a  ftroke  of  this  kind  had  gone  through  the  body  of  Mr.  De  Ro¬ 
mas,  the  unfortunate  profefior.Richman  had  not  probably  been 
the  only  martyr  to  electricity,  and  advifes,  that  great  caution  be 
ufed  in  conducting  fuch  dangerous  experiments  *f. 

When  we  confider  how  many  fevere  fhocks  the  moft  cautious 
and  judicious  electricians  often  receive  through  inadvertence, 
we  fhall  not  be  furprifed,  that  when  philofophers  fir  ft  began  to 
colleCt  and  make  experiments  upon  real  lightning,  it  fhould 
fometimes  have  proved  a  little  untraCtable  in  their  hands,  and  that 
they  were  obliged  to  give  one  another  frequent  cautions  how  to 
proceed  with  it. 

The  Abbe  Nollet,  as  early  as  the  year  1752,  advifes  that 
thefe  experiments  be  made  with  circumfpeCtion ;  as  he  had  been 
informed,  by  letters  from  Florence  and  Bologna,  that  thofc 
who  had  made  them  there  had  had  their  curiofity  more  than  fatif- 
fied  by  the  violent  fhocks  they  had  fuftained  in  drawing  fparks 
from  an  iron  bar  electrified  by  thunder.  One  of  his  correfpondents 
informed  him,  that  once,  as  he  was  endeavouring  to  fallen  a  fmall 
chain,  with  a  copper  ball  at  one  of  its  extremities,  to  a  great 
chain,  which  communicated  with  the  bar  at  the  top  of  the  build— 


*  Noliet’s  Letters,  Vol.  ii.  p.  239. 
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ing  (in  order  to  draw  off  the  eledric  fparks  by  means  of  the  ofcilla- 
tions  of  this  ball)  there  came  a  flafh  of  lightning,  which  he  did 
not  fee,  but  which  affeded  the  chain  with  a  noife  like  that  of  wild 
fire.  At  that  inflant,  the  electricity  communicated  itfel  fto  the 
chain  of  the  copper  ball,  and  gave  the  obferver  fo  violent  a  com¬ 
motion,  that  the  ball  fell  out  of  his  hands,  and  he  was  ffruck  back¬ 
wards  four  or  five  paces.  He  had  never  been  fo  much  fhocked 
by  the  experiment  of  Leyden  *. 

Mr.  Romas  received  a  fevere  ftroke  when  he  firft  raifed  his 
kite  :  and  Mr.  Dalibard  fays,  that  Mr.  Monnier,  a  phyfician  of 
St.  Germain  en  Laye,  member  of  the  Academy  of  Sciences  at 
Paris,  and  Mr.  Bertier  of  the  Oratory  at  Montmorency,  a  cor- 
refpondcnt  of  the  Academy,  were  both  {truck  down  by  ftrokes  of 
lightning,  as  they  were  taking  fparks  from  their  apparatus  f. 

But  the  greateft  fufferer  by  experiments  with  lightning,  fince 
mankind  have  introduced  fo  dangerous  a  fubjed  of  their  inqui¬ 
ries,  was  profeffor  Richman  of  Peterfburgh  before  mentioned. 
He  was  {truck  dead,  on  the  6th  of  Auguft  1753,  by  a  flafii  of 
lightning  drawn  by  his  apparatus  into  his  own  room,  as  he 
was  attending  to  an  experiment  he  was  making  with  it.  There 
were  two  accounts  of  this  fatal  accident  communicated  to  the 
Royal  Society,  one  by  Dr.  Watfon  who  had  it  from  the  belt 
authority  J  ;  and  the  other  tranflated  from  the  High  Dutch  §. 
From  both  thefe  the  following  is  extraded. 

The  profeffor  had  provided  himfelf  with  an  inffrument  which 
he  called  an  electrical  gnomon ,  the  ufe  of  which  wras  to  meafure 
the  ffrength  of  eledricity.  It  confifted  of  a  rod  of  metal  termi¬ 
nating  in  a  final  1  glafs  veffel,  ino  which  (for  what  reafon  I  do 
not  know)  he  put  fome  brafs  filings.  At  the  top  of  this  rod,  a, 

*  Fhil.  Tranf.  Vol.  xlviii.  pt.  i.  p.  20 5..  f  Dalibard’s  Franklin,  Vol.  ii.  p.  129., 
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thread  was  faftened,  which  hung  down  by  the  fide  of  the  rod 
when  it  was  not  electrified  ;  but  when  it  was,  it  avoided  the  rod, 
and  flood  at  a  diflance  from  it,  making  an  angle  at  the  place 
where  it  was  faftened.  To  meafure  this  angle,  he  had  the  arch 
of  a  quadrant  faftened  to  the  bottom  of  the  iron  rod. 

He  was  obferving  the  effeCt  of  the  eledricity  of  the  clouds,  at 
the  approach  of  a  thunder  florin,  upon  this  gnomon;  and,  of 
couife,  ftanding  with  his  head  inclined  towards  it,  accompanied 
by  Mr.  Solokow  (an  engraver,  whom  he  frequently  took  with 
him,  to  be  a  joint  observer  of  his  eleClrical  experiments,  in  order 
to  reprefent  them  the  better  in  cuts)  when  this  gentleman, 
who  was  ftanding  clofe  to  his  elbow,  obferved  a  globe  of  blue  fire, 
as  he  called  it,  as  big  as  his  fill,  jump  from  the  rod  of  the  gno¬ 
mon  towards  the  head  of  the  profeffor,  which  was,  at  that 
inftant,  at  about  a  foot  diflance  from  the  rod.  This  flafli  killed 
Mr.  Richman,  but  Mr.  Solokow  could  give  no  account  of  the  par¬ 
ticular  manner  in  which  he  was  immediately  affe&ed  by  it : 
for,  at  the  fame  time  that  the  profeffor  was  ftruck,  there  arofe 
a  fort  of  fleam,  or  vapour,  which  intirely  benumbed  him,  and 
made  him  fink  down  upon  the  ground  ;  fo  that  he  could  not  re¬ 
member  even  to  have  heard  the  clap  of  thunder,  which  was  very 
loud. 

The  globe  of  fire  w7as  attended  with  a  report  as  loud  as  that 
of  a  piftol :  a  wire,  which  brought  the  electricity  to  his  metal  rod, 
was  broken  to  pieces,  and  its  fragments  throwm  upon  Mr.  So¬ 
lokow7  s  cloaths.  Half  of  the  glafs  veffel  in  which  the  rod  of 
the  gnomon  flood  was  broken  off,  and  the  filings  of  metal  that 
were  in  it  were  throwm  about  the  room. 

Upon  examining  the  effects  of  the  lightning  in  the  profeffor’s 
chamber,  they  found  the  door-cafe  halt  fplit  through,  and  the 
door  torn  off,  ana  thrown  into  the  room  They  opened  a  vein 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p.  ^63. 
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of  the  breathlefs  body  twice,  but  no  blood  followed,  and  en¬ 
deavoured  to  recover  fenfation  by  violent  chafing,  but  in  vain. 
Upon  turning  the  corpfe  with  the  face  downwards,  during  the 
rubbing,  an  inconfiderable  quantity  of  blood  ran  out  of  the 
mouth.  There  appeared  a  red  fpot  on  the  forehead,  from  which 
fpirted  fome  drops  of  blood  through  the  pores,  without  wound¬ 
ing  the  {kin.  The  fhoe  belonging  to  the  left  foot  was  burd  open, 
and,  uncovering  the  foot  at  that  place,  they  found  a  blue  mark  ; 
from  which  it  was  concluded,  that  the  eleTrical  force  of  the  thun¬ 
der,  having  entered  the  head,  made  its  way  out  again  at  that 
foot. 

Upon  the  body,  particularly  on  the  left  fide,  were  feveral 
red  and  blue  fpots,  refembling  leather  {hrunk  by  being  burnt. 
Many  more  blue  fpots  were  afterwards  vifible  over  the  whole 
body,  and  in  particular  over  the  back.  That  upon  the  fore¬ 
head  changed  to  a  brownifh  red,  but  the  hair  of  the  head  was 
not  firnged,  notwithdanding  the  fpot  touched  fome  of  it.  In  the 
place  where  the  fhoe  was  unripped,  the  docking  was  intire ;  as 
was  the  coat  every  where,  the  waificoat  only  being  finged  on 
the  foreflap,  where  it  joined  the  hinder  ;  but  there  appeared 
on  the  back  of  Mr.  Soiokow’s  coat  long  narrow  ftreaks,  as  if 
red-hot  wires  had  burned  off  the  nap,  and  which  could  not  be 
well  accounted  for. 

When  the  body  was  opened  the  next  day,  twenty-four  hours 
after  he  was  ftruck,  the  cranium  was  very  intire,  having  no 
fiflure,  nor  crofs  opening  ;  the  brain  as  found  as  it  poflibly 
-could  be,  but  the  tranfparent  pellicles  of  the  windpipe 
were  exceffively  tender,  gave  way,  and  eafily  rent.  There 
was  fome  extravafated  blood  in  it,  as  likewife  in  the  cavities 
below  the  lungs  ;  thofe  of  the  bread  being  quite  found, 
but  thofe  towards  the  back  of  a  brownifh  black  colour,  and 
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filled  with  more  of  the  above  mentioned  blood  :  otherwife, 
none  of  the  entrails  were  touched  ;  but  the  throat,  the 
glands,  and  the  thin  inteflines  were  all  inflamed.  The  fingcd 
leather-coloured  fpots  penetrated  the  ikin  only.  Twice  twenty- 
four  hours  being  elapfed,  the  body  was  fo  far  corrupted  that  it  was 
with  difficulty  they  got  it  into  a  coffin*. 
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SECTION  XI. 


Observations  on  the  general  state  of  electricity  in 

THE  ATMOSPHERE,  AND  ITS  MORE  USUAL  EFFECTS. 


LECTRICIANS,  after  obferving  the  great  quantity  of  elec- 

-j  trie  matter  with  which  the  clouds  are  charged  during  a 
thunder  ftorm,  began  to  attend  to  the  lefler  quantities  of  it  which 
might  be  contained  in  the  common  date  of  the  atmofphere, 
and  the  more  ufual  effeds  of  this  great  and  general  agent  in 
nature.  Mr.  Monnier,  whofe  obfervations  of  the  eledricity  of 
the  air  during  a  thunder  ftorm  have  been  already  mentioned, 
was  the  firft  who  found  that  there  was  very  often,  and  perhaps 
always,  a  quantity  of  eledric  matter  in  the  atmofphere,  when 
there  was  no  appearance  of  thunder.  This  he  confirmed  by  de- 
cifive  experiments,  made  at  St.  Germain  en  Laye,  and  publifh— 
ed  in  a  memoir  read  at  the  Royal  Academy  of  Sciences  at  Paris  No¬ 
vember  the  15th,  1752*. 

But  more  accurate  experiments  upon  the  eledricity  of  the 
air  were  made  by  the  Abbe  Mazeas,  at  Chateau  de  Maintenon, 
during  the  months  of  June,  July,  and  Odober  1753,  and  com¬ 
municated  to  the  Royal  Society,  in  a  letter  to  Dr.  Stephen 
Hales. 
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The  Abbe’s  apparatus  confifted  of  an  iron  rod  370  feet  long, 
raifed  ninety  feet  above  the  horizon.  It  came  down  from  a  very 
high  room  in  the  caflle,  where  it  was  faftened  to  a  fillzen  cord  fix 
feet  long;  and  it  was  carried  from  thence  to  the  fteeple  of  the 
town,  where  it  was  likewife  faftened  to  another  filken  cord  of 
eight  feet  long,  and  fheltered  from  rain.  And  a  large  key  was 

fufpended,  by  the  end  of  this  wire,  in  order  to  receive  the  elec¬ 
tric  fluid. 

On  the  17th  of  June,  when  he  began  his  experiments,  the  elec¬ 
tricity  of  the  air  was  fenfibly  felt  every  day,  from  fun  rife  till  feven 
or  eight  in  the  evening,  except  in  moift  weather,  when  he  could 
perceive  no  figns  of  eledricity.  In  dry  weather,  the  wire  attrad- 
ed  minute  bodies  at  no  greater  diftance  than  three  or  four  lines. 
He  repeated  the  experiment  carefully  every  day,  and  conflantly 
obferved,  that,  in  weather  void  of  ftorms,  the  eledricity  of  a 
piece  of  fealing-wax  of  two  inches  long  was  above  twice  as 
ftrong  as  that  of  the  air.  This  obfervation  inclined  him  to  con¬ 
clude,  that  in  weather  of  equal  drinefs  the  eledricity  of  the  air 
was  always  equal. 

It  did  not  appear-  to  him  that  hurricanes  and  tempefls  in- 
creafed  the  eledricity  of  the  air,  when  they  were  not  accom¬ 
panied  with  thunder;  for  that,  during  three  days  of  a  very 
violent  continual  wind,  in  the  month  of  July,  he  was  obliged  to 
put  fome  dull  within  four  or  five  lines  of  the  condudor,  before 
any  fenfible  attradion  could  be  perceived. 

The  diredion  of  the  winds,  whether  Eaft,  Well,  North,  or 
South,  made  no  fenfible  alteration  in  the  eledricity  of  the  air, 
except  when  they  wrere  moift. 

In  the  drieft  nights  of  that  fummer,  he  could  difcover  no  figns 
of  eledricity  in  the  air;  but  it  returned  in  the  morning  when  the 
fun  began  to  appear  above  the  horizon,  and  vanilhed  again  in. 
the  evening,  about  half  an  hour  after  fun-fet.. 
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The  ftrongeft  common  eledricity  of  the  atmofphere,  during 
that  fummer,  was  perceived  in  the  month  of  July,  on  a  very  dry 
day,  the  heavens  being  very  clear,  and  the  fun  extremely  hot. 
The  didance  of  ten  or  twelve  lines  was  then  fufiicient  for  the 
approach  of  the  dud  to  the  conductor,  in  order  to  fee  the  par¬ 
ticles  rife  in  a  vertical  direction,  like  the  dlings  of  iron  on  the 
approach  of  a  magnet. 

On  the  27th  of  June,  at  two  in  the  afternoon,  he  perceived 
fome  dormy  clouds  ridng  above  the  horizon,  and  immediately 
went  up  to  his  apparatus;  and,  having  applied  the  dud  to 
the  key,  it  was  att rafted  with  a  force  which  increafed  in  pro¬ 
portion  as  the  clouds  reached  the  zenith.  When  they  had 
come  nearly  over  the  wire,  the  dud  was  fo  impetuoufly  repelled, 
as  to  be  entirely  fcattercd  from  the  paper.  He  drew  confiderable 
fparks  from  it,  though  there  was  neither  thunder  nor  light¬ 
ning.  When  the  dormy  clouds  were  in  the  zenith  of  his  wire, 
he  obferved  that  the  eledricity  was  increafed  to  fuch  a  degree, 
that  even  the  filkcn  thread  attraded  light  bodies  at  the  didance  of 
feven  or  eight  inches. 

These  dormy  clouds  remained  about  two  hours  above  the 
horizon,  without  either  thunder  or  lightning ;  nor  did  a  very 
heavy  rain  diminifh  the  eledricity,  except  about  the  end,  when 
the  clouds  began  to  be  diffipated  *. 

Mr.  Kinnersley  obferved,  that  when  the  air  was  in  its  dried 
date,  there  was  always  a  confiderable  quantity  of  electricity  in 
it,  and  which  might  be  eafily  drawn  from  it.  Let  a  perfon,  he 
fays,  in  a  negative  date,  danding  out  of  doors,  in  the  dark,  when 
the  air  is  dry,  hold,  with  his  arm  extended,  a  long  fharp  needle, 
pointing  upwards,  and  he  will  foon  be  convinced  that  eledricity 
may  be  drawn  out  of  the  air ;  not  indeed  very  plentifully,  for. 


*  Phil.  Tranf.  Vol.  xlviii.  pt.  i,  p.  377,  &c> 
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-being  a  bad  condudor,  it  feems  loth  to  part  with  it,  yet  fome 
will  evidently  be  colleded.  The  air  near  the  perfon’s  body, 
having  lefs  than  the  natural  quantity,  will  have  none  to  fpare ; 
but  his  arm  being  extended,  as  above,  fome  will  be  colleded  from 
the  remoter  air,  and  will  appear  luminous  as  it  converges  to  the 
point  of  the  needle. 

Let  a  perfon  eledrified  negatively,  he  fays,  prefent  the  point 
of  a  needle  horizontally,  to  a  cork  ball  fufpended  by  filk,  and 
the  ball  will  be  attraded  towards  the  point,  till  it  has  parted  with 
fo  much  of  its  natural  quantity  of  eledricity,  as  to  be  in  a  nega¬ 
tive  ftate,  in  the  fame  degree  with  the  perfon  who  holds  the 
needle ;  then  it  will  recede  from  the  point,  being,  as  he  fup- 
pofes,  attraded  the  contrary  way  by  the  eledricity  of  greater  den- 
lity  in  the  air  behind  it.  But  as  this  opinion,  he  pleafantly  fays, 
feems  to  deviate  from  elettrical  orthodoxy ,  he  would  be  glad  to 
fee  thefe  phenomena  better  accounted  for  by  the  fuperior  and 
more  penetrating  genius  of  his  friend  Dr.  Franklin,  to  whom  he 
is  writing. 

Whether  the  eledricity  in  the  air,  in  clear  dry  weather,  be  of 
the  fame  denfity  at  the  height  of  200  or  300  yards,  as  near  the 
furface  of  the  earth,  he  thought  might  be  fatisfadorily  determin¬ 
ed  by  Dr.  Franklin’s  old  experiment  of  the  kite. 

The  twine,  he  fays,  fhould  have  throughout  a  very  fmall  wire 
in  it,  and  the  ends  of  the  wire,  where  the  feveral  lengths  are 
united,  ought  to  be  tied  down  with  a  waxed  thread,  to  prevent 
their  ading  in  the  manner  of  points. 

When  he  wrote  this  letter,  he  had  tried  the  experiment  twice, 
when  the  air  was  as  dry  as  it  ever  is  in  that  country,  and  fo 
clear,  that  not  a  cloud  had  been  feen,  and  found  the  twine  each 
time  in  a  fmall  degree  eledrified  pofitiveiy  *. 

*  Phil.  Tranf.  Vo!,  liii.  pt.  i  p.  87. 
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The  preceding  obfervations  of  Mr.  Monnier,  Mr.  Mazeas, 
and  Mr.  Kinnerlley,  fall  far  fhort  of  the  extent  and  accuracy  of 
thofe  of  Signior  Beccaria;  whofe  obfervations  on  the  general 
Fate  of  electricity  in  the  atmofphere  I  have  referved  for  the  laF 
place  of  the  fe&ion,  becaufe  they  are  the  moft  conliderable  though 
they  were  all  made  independent  of,  and,  many  of  them,  prior 
to  thofe  mentioned  before. 

He  obferved  that,  during  very  high  winds,  his  apparatus  gave 
no  figns  of  being  ele&rified  *.  Indeed  he  found  that  in  three 
different  Fates  of  the  atmofphere,  he  could  find  no  ele&ricity 
in  the  air.  i.  In  windy  and  clear  weather.  2.  When  the  Fey 
was  covered  with  diFindt  and  black  clouds,  that  had  a  Fow  mo¬ 
tion.  3.  In  moiF  weather,  not  a&ually  raining  f.  In  a  clear 
fky,  when  the  weather  was  calm,  he  always  perceived  figns  of  a 
moderate  elefiricity,  but  interrupted.  In  rainy  weather,  without 
lightning,  his  apparatus  was  always  eledlriFed  a  little  time  be¬ 
fore  the  rain  fell,  and  during  the  time  of  the  rain,  but  it  ceaf- 
ed  to  be  affeCted  a  little  before  the  rain  was  over. 

The  higher  his  rods  reached,  or  his  kites  Few,  the  Fronger 
figns  they  gave  of  their  being  electrified  J.  Alfo  longer  Frings  or 
cords,  extended  and  infulated  in  the  open  air,  acquired  elec¬ 
tricity  fooner  than  thofe  which  were  Fiorter.  A  cord  1500 
Paris  feet  long,  Fretched  over  the  river  Po,  was  as  Frongly 
eledrified  during  a  Fiower,  without  thunder,  as  a  metallic 
rod,  to  bring  lightning  into  his  houfe,  had  been  in  any  thunder 
Form  §. 

Having  two  rods  for  bringing  the  lightning  into  his  houfe, 
140  feet  afunder,  he  obferved,  that  if  he  took  a  fpark  from  the 
higher  of  them,  the  fpark  from  the  other,  which  was  thirty  feet 
lower,  was  at  that  inFant  leffened;  but,  what  is  remarkable,  is 

*  Lettere  dell*  elettricifmo,  p.  106.  f  Ibid,  p,  1 66. 
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that  its  power  revived  again,  though  he  kept  his  hand  upon  the 
former  *. 

He  imagined  that  the  eledricity  communicated  to  the  air  might 
fometimes  furnifh  fmall  fparks  to  his  apparatus  ;  fmce  the  air 
parts  with  the  eledricity  it  has  received  very  ilowly,  and  there¬ 
fore  the  equilibrium  of  the  eledric  matter  in  the  air  will  not  be 
reftored  fo  foon  as  in  the  earth  and  clouds  f. 

Among  the  effeds  of  a  moderate  eledricity  in  the  atmofphere, 
Signior  Beccaria  reckons  rain,  hail ,  and  fnow. 

Clouds  that  bring  rain,  he  thought,  were  produced  in  the 
fame  manner  as  thunder  clouds,  only  by  a  more  moderate  elec¬ 
tricity.  He  defcribes  them  at  large,  and  the  refemblance  which 
all  their  phenomena  bear  to  thofe  of  thunder  clouds  is  indeed 
very  ftriking  J. 

He  notes  feveral  circumftances  attending  rain  without  light¬ 
ning,  which  make  it  very  probable,  that  it  is  produced  by  the 
fame  caufe  as  when  it  is  accompanied  with  lightning.  Light 
has  been  feen  among  the  clouds  by  night  in  rainy  weather  ; 
and  even  by  day  rainy  clouds  are  fometimes  feen  to  have  a 
brightnefs  evidently  independent  of  the  fun  §.  The  uniformity 
with  which  the  clouds  are  fpread,  and  with  which  the  rain 
falls,  he  thought  were  evidences  of  an  uniform  caufe  like  that 
of  eledricity  ||.  The  intenlity  of  eledricity  in  his  apparatus 
generally  correfponded  very  nearly,  to  the  quantity  of  rain  that 
fell  in  the  fame  time  .  Nor  is  any  thing  to  be  inferred  to 
the  contrary  of  this  fuppofition  from  the  apparatus  not  being 
always  eledrined  during  rain.  It  has  fometimes  failed  during 
thunder.  Indeed  it  follows  from  his  general  theory,  that  the 
eledricity  of  his  apparatus  could  not  always  correfpond  to  the  elec- 

*  Lettere  dell’  elettricifmo,  p.  176.  f  Ibid,  p,  347.  J  Ibid.  p.  284. 

$  Ibid,  pi  288.  [J  Ibid.  p.  299.  flj  Ibid.  p.  307. 
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tricity  of  the  clouds;  fince  it  muft  in  fome  meafure  depend  upon 
the  fituation  of  the  obfervatory,  with  refped  to  thofe  parts, 
of  the  earth  or  clouds  which  are  giving  or  taking  eledric  fire.. 
This  was  confirmed  by  an  obfervation  which  he  made  upon  one' 
thunder  cloud,  which  palled  over  his  obfervatory.  At  its  ap¬ 
proach  his  apparatus  was  eledrified  pofitively,  when  it  was  dired- 
ly  over  him  all  figns  of  eledricity  ceafed,  and  when  it  was  pair¬ 
ed,  his  apparatus  was  eledrified  negatively  This  obfervation 
very  much  favours  his  general  theory  of  thunder  clouds. 

Sometimes  all  the  phenomena  of  thunder,  lightning,  hail, 
rain,  fnow,  and  wind,  have  been  obferyed  at  one  time ;  which 
{hows  the  connedion  they  all  have  with  fome  common  caufe  f. 

Signior  Beccaria,  therefore,  fuppofes  that,  previous  to 
rain,  a  quantity  of  eledric  matter  efcapes  out  of  the  earth,  irv 
fome  place  where  there  was  a  redundancy  of  it;  and,  in  its  afcent 
to  the  higher  regions  of  the  air,  colleds  and  conduds  into 
its  path  a  great  quantity  of  vapours.  The  fame  caufe  that 
colleds,  will  condenfe  them  more  and  more  :  till,  in  the  places, 
of  the  neareft  intervals,  they  come  almoft  into  contad,  fo  as  to 
form  fmall  drops ;  which  uniting  with  others  as  they  fall,, 
come  down,  in  rain.  The  rain  will  be  heavier  in  proportion  as* 
the  eledricity  is  more  vigorous,  and  the  cloud  approaches  more- 
nearly  to  a  thunder  cloud  J. 

He  imitated  the  appearance  of  clouds  that  bring  rain  by  in- 
fulating  liimfelf:  between  the  rubber  and  condudor  of  his  eledri- 
cal  machine,  and  with  one  hand  dropping  colophonia  into  a  fpoon. 
faftened  to  the  conductor,  and  holding  a  burning  coal,  while  hisr 
other  hand  communicated  with  the  rubber.  In  thefe  circum- 
fiances  the  lmoke  fpread  along  his  arm,  and,  by  degrees,  all  over* 
his  body,  till  it  came  to  the  other  hand  that  communicated  with . 


*  Leture  deli’  ekttricifmo,  p.  3 10. 
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the  rubber.  The  lower  furface  of  this  fmoke  was  every  where 
parallel  to  his  cloaths,  and  the  upper  furface  was  fwelled  and 
arched  like  clouds  replete  with  thunder  and  rain  *.  In  this* 
manner,  he  fuppofes,  the  clouds  that  bring  rain  difFufe  them- 
felves  from  over  thofe  parts  of  the  earth  which  abound  with  elec¬ 
tric  fire,  to  thofe  parts  that  are  exhaufted  of  it;  and,  by  letting 
fall  their  rain,  reftore  the  equilibrium  between  them. 

Sign ior  Beccaria  thought  that  the  electricity  communicated 
to  the  air,  which  both  receives  and  parts  with  it  flowly,  would 
account  for  the  retention  of  vapours  in  a  clear  fky  ;  for  fmall  dis¬ 
joined  clouds,  not  difperfed  into  rain;  for  the  fmaller  and  lighter 
clouds  in  the  higher  regions  of  the  air,  which  are  but  little 
affeded  by  eiedricity ;  and  a  Ho  for  the  darker,  heavy,  and  flng- 
gifh  clouds  in  the  lower  regions,  which  retain  more  of  it  f.  The 
degree  of  eiedricity  which  he  could  communicate  to  the  air  of 
his  room,  notwithftanding  its  being  in  contad  with  the  floor, 
the  walls,  &c.  made  this  appear  to  him  both  .poflible  and  pro¬ 
bable  J. 

He  even  imagined,  that  fome  alteration  in  the  weight  of  the 
air  might  be  made  by  this  eiedricity  of  it  §.  He  obferved  his 
barometer  to  fall  a  little  immediately  upon  a  flafh  of  lightning ; 
but  he  acknowledges  that  this  circumftance  is  no  Sufficient  founda¬ 
tion  to  fuppofe  that  eiedricity  will  account  for  much  variation  of 
the  height  of  the  barometer  ||.  But  he  thought  that  the  pheno¬ 
mena  of  rain  favoured  the  fuppofition,  that  the  eledric  matter  in 
the  air  did,  in  fome  meafure,  leflen  its  prefure.  For  when  the 
eledric  matter  is  adually  in  the  air,  colleding  and  condenfing  the 
vapours,  the  barometer  is  lowefh  When  the  communication 
is  made  between  the  earth  and  the  clouds  by  the  rain,  the  quick- 
fllver  begins  to  rife  ;  the  eledric  matter,  which  fupported  part  of 


*  Lettere  dell*  elettricifino,  p.  294. 
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the  preffure,  being  difcharged.  And  this,  he  fhows,  will  be  the 
cafe  whether  the  eledricity  in  the  air  be  pofitive  or  ne¬ 
gative  *. 

Hail,  this  ingenious  philofopher  fuppofes  to  be  formed  in  the 
higher  regions  of  the  air,  where  the  cold  is  intenfe,  and  where 
the  eledric  matter  is  very  copious.  In  thefe  circumfiances,  a  great 
number  of  particles  of  water  are  brought  near  together,  where 
they  are  frozen,  and  in  their  defeent  colled  other  particles  :  fo 
that  the  denfity  of  the  fubftance  of  the  hail-ftone  grows  lefs  and 
lefs  from  the  center ;  this  being  formed  firft,  in  the  higher  re¬ 
gions,  and  the  furface  being  colleded  in  the  lower.  Agreeable  to 
this,  it  is  obferved,  that,  in  mountains,  hail-ftones,  as  well  as 
drops  of  rain,  are  very  fmall;  there  being  but  fmall  fpace 
through  which  they  can  fall,  and  thereby  increafe  their  bulk. 
Drops  of  rain  and  hail  agree  alfo  in  this  circumftance,  that  the 
more  intenfe  is  the  eledricity  that  forms  them,  the  larger  they 
are  f .  Motion  is  known  to  promote  freezing,  and  fo  the  rapid 
motion  of  the  eledrified  clouds  may  promote  that  effed  in  the 
air  J. 

Clouds  of  fnow  differ  in  nothing  from  clouds  of  rain,  but 
in  the  circumftance  of  cold,  which  freezes  them.  Both  the  regu¬ 
lar  diffufion  of  fnow,  and  the  regularity  in  the  ftrudure  of  the 
parts  of  which  it  confifts -(particularly  fome  figures  of  fnow  or 
hail,  which  he  calls  rofette,  and  which  fall  about  Turin)  fhow  the 
clouds  of  fnow  to  be  aduated  by  fome  uniform  caufe,  like  eledri- 
city  §.  He  even  endeavours,  very  particularly,  to  fhow  in  what 
manner  certain  configurations  of  fnow  are  made,  by  the  uni¬ 
form  adion  of  eledricity  ||.  All  thefe  conjedures  about  the 
caufe  of  hail  and  fnow  were  confirmed  by  obferving,  that  his 
apparatus  never  failed  to  be  eledrified  by  fnow,  as  well  as  by  rain. 

*  Lettere  dell’ ellettricifmo,  p.  354.  +  Ibid.  p.  314.  j  Ibid.  Pr3i8. 
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A  more  intenfe  electricity  unites  the  particles  of  hail  more 
clofely  than  the  more  moderate  electricity  does  thofe  of  fnow. 
In  like  manner,  we  fee  thunder  clouds  more  denfe  than  thofe 
which  merely  bring  rain,  and  the  drops  of  rain  are  larger  in  pro¬ 
portion,  though  they  often  fall  not  from  fo  great  a  height  *. 

I  shall  conclude  this  feCtion  with  obferving,  that  profeffor  Win- 
throp  found  his  apparatus  to  be  ftrongly  electrified  for  feveral 
hours,  while  the  fnow,  which  fell  the  day  before  (and  which 
had  not  electrified  his  apparatus  while  it  was  falling)  was  driven 
about  by  a  high  wind.  The  fame  he  had  obferved  twice  before. 
Franklin’s  Letters,  new  edition,  p.  494. 

*  Lettere  dell’  ellettricifmo,  p.  328,, 
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The  attempts  that  have  been  made  to  explain  some 
of  the  more  UNUSUAL  APPEARANCES  in  the  earth 

AND  HEAVENS  BY  ELECTRICITY. 


IN  the  two  preceding  feCtions  of  this  period,  relating  to  the 
electricity  of  the  atmofphere,  the  experiments  and  obferva- 
tions  of  Signior  Beccaria  have  made  a  principal  figure ;  and 
the  materials  I  have  collected  from  him  make  a  no  lefs  con- 
fiderable  part  of  this.  They  who  may  have  thought  he  in¬ 
dulged  too  much  to  imagination  before,  will  think  him  abfolute- 
ly  extravagant  here ;  but  his  extravagancies,  if  they  be  fuch, 
are  thofe  of  a  great  genius ;  and  had  he  a  thoufand  more 
fuch  extravagancies,  I  fhould,  with  pleafure,  have  followed  him 
through  them  all. 

The  meteor,  ufually  called  a  falling  far,  has  hitherto  puzzled 
all  philofophers.  Signior  Beccaria  makes  it  pretty  evident,  that 
it  is  an  eleCtrical  appearance ;  and  the  faCt  which  he  relates  as  a 
proof  of  it,  is  exceedingly  curious  and  remarkable. 

As  he  was  one  time  fitting  with  a  friend  in  the  open  air,  an 
hour  after  fun-fet,  they  faw  what  is  called  a  falling  ftar  direct¬ 
ing  its  courfe  towards  them,  and  apparently  growing  larger  and 
larger,  till  it  difappeared  not  far  from  them ;  when  it  left  their 
faces,  hands,  and  cloaths,  with  the  earth,  and  all  the  neighbour¬ 
ing 
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iag  objeds,  fuddenly  illuminated,  with  a  diffufed  and  lambent 
light,  attended  with  no  noife  at  all.  While  they  were  darting 
up,  handing,  and  looking  at  one  another,  furprifed  at  the  ap¬ 
pearance,  a  fervant  came  running  to  them  out  of  a  neighbour¬ 
ing  garden,  and  allied  them  if  they  had  feen  nothing;  for  that 
he  had  feen  a  light  fhine  faddenly  in  the  garden,  and  ^efpecially 
upon  the  flreams  which  he  was  throwing  to  water  it*. 

All  thefe  appearances  were  evidently  elcdrical ;  and  Signior 
Beccaria  was  confirmed  in  his  conjedure,  that  eledricity  was  the 
caufe  of  them,  by  the  quantity  of  eledric  matter  which,  as  was 
mentioned  before,  he  had  feen  gradually  advancing  towards  his 
kite  ;  for  that,  he  fays,  had  very  much  the  appearance  of  a  fall¬ 
ing  ftar.  Sometimes  alfo  he  law  a  kind  of  glory  round  the  kite, 
which  followed  it  when  it  changed  its  place,  but  left  fome 
light,  for  a  fmall  fpace  of  time,  in  the  place  which  it  had 
quitted  f. 

That  appearances,  which  bear  evident  marks  of  eledricity, 
have  a  very  fenlible  progreffive  motion,  is  demonftrated  from  a 
variety  of  meteorological  obfervations.  I  fhall  relate  one  made 
by  Mr.  Chalmers,  when  he  vras  on  board  the  Montague  under 
the  command  of  Admiral  Chambers.  The  account  of  it  was 
read  at  the  Royal  Society,  March  the  2 2d,  1749. 

On  the  4th  of  November  1749,  in  lat.  420  48"  long.  90  3' 
he  was  taking  an  obfervation  on  the  quarter-deck,  about  ten 
minutes  before  twelve,  when  one  of  the  quarter-mailers  defired  he 
would  look  to  the  wind-ward;  upon  which  he  obferved  a  large 
ball  of  blue  fire  rolling  on  the  furface  of  the  water,  at  about  three 
miles  diftance  from  them.  They  immediately  lowered  their  top- 
fails,  &c.  but  it  came  down  upon  them  fo  fall,  that  before  they 
could  raife  the  main-tack,  they  obferved  the  bail  to  rife  almoft 
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perpendicular,  and  not  above  forty  or  fifty  yards  from  the 
main  chains  ;  when  it  went  off  with  an  explofion  as  if  hundreds  of 
cannon  had  been  fired  at  one  time,  and  left  fo  great  a  fmell  of 
brimflone,  that  the  (hip  feemed  to  be  nothing  but  fulphur.  After 
the  noife  was  over,  which,  he  believed,  did  not  laid  longer  than 
half  afecond,  they  found  their  main  top-maft  fhattered  into  above 
a  hundred  pieces,  and  the  main  maid  rent  quite  down  to  the  heel. 
There  were  fome  of  the  fpikes  which  nail  the  fifh  of  the  main- 
maft  drawn  with  fuch  force  out  of  the  maid,  and  they  fduck  fo 
fald  in  the  main-deck,  that  the  carpenter  was  obliged  to  take 
an  iron  crow  to  get  them  out.  There  were  five  men  knocked 
down,  and  one  of  them  greatly  burnt  by  the  explofion.  They 
believed,  that  when  the  ball,  which  appeared  to  them  to  be  of 
the  bignefs  of  a  large  mill-fdone,  rofe,  it  took  the  middle  of  the 
main  top-mafd,  as  the  head  of  the  maid  above  the  hounds  was 
not  fplintered.  They  had  a  hard  gale  of  wind  from  the  N. 
by  W.  to  the  N.  N.  E.  for  two  days  before  the  accident,  with  a 
great  deal  of  rain  and  hail,  and  a  large  fea.  From  the  north¬ 
ward  they  had  no  thunder  or  lightning,  neither  before  nor  after 
the  explofion.  The  ball  came  down  from  the  North-Eaft,  and 
went  to  the  South-Wefd. 

That  the  Aurora  Borealis  is  an  eledrical  phenomenon  was,  I 
believe  never  difputed,  from  the  time  that  lightning  was  proved 
to  be  one.  To  the  circumflances  of  refemblance  which  had 
before  been  taken  notice  of  between  this  phenomenon  and 
eledricity  ;  Signior  Beccaria  adds,  that  when  the  Aurora  Borealis 
has  extended  lower  than  ufual  into  the  atmofphere,  various 
founds,  as  of  rumbling,  and  biffing,  have  been  heard  *v 

Mr.  Bergman  fays,  he  has  often  obferved  the  magnetic  needle 
to  be  diflurbed  by  a  high  aurora  borealis,  but  that  he  could  never 


*  Elettricifmo  ardficiale  e  naturale,  p.  221. 


procure 


Pep. X.  Sec. XII.  : 


METEORS. 


347 


procure  any  eledricity  from  them,  either  with  pointed  metallic 
rods,  of- fry  means  of  a  kite  *. 

Mr.  C  anton  (befides  hife  eonjedtire,  mentioned  before,  p.  30:’, 
that  the  aurora  borealis  mav  be  the  flafhing  of  electric  are  from 
pofitive  towards  negative  clouds  at  a  great  diftance,  through  the 
tipper  part  of  the  atmofphere,  where  the  refiflance  is  lead)  flip- 
pofes  that  the  aurora  borealis,  which  happens  at  the  time  that  the 

*  r 

needle  is  diilurbed  by  the  heat  of  the  earth,  is  the  eledricity  of 
the  heated^  air  above  it;  and  this,  he  fays,  will  appear  chiefly  in 
the  northern  regions,  as  the  alteration  in  the  heat  of  the  air  in 

thofe  parts  will  be  the  greatefl.  This  hypothecs,  he  adds,  will 

•  • 

not  feem  improbable,  if  it  be  confidcred,  that  eledricity  is  now 
known  to  be  the  caiife  of  thunder  and  lightning,  that  it  has  been 
extraded  from  the  air  at  the  time  of  an  aurora  borealis ;  that  the 
inhabitants  of  the  northern  countries  obferve  the  aurora  to  be 
remarkably  ftrong,  when  a  fudden  thaw  happens  after  fevere  cold 
weather;  and  that  the  curious  in  thefe  matters  are  now  ac¬ 
quainted  with  a  fubftance  that  will,  without  fridion,  both  emit 
and  abforb  the  eledric  fluid,  only  by  the  increafe  or  diminu¬ 
tion  of  its  heat ;  meaning  the  tourmalin,  in  which  he  had  dif- 
covered  that  property  f. 

In  a  paper,  dated  November  the  11th,  173 4,  he  fays  he 

has  fometimes  known  the  air  to  be  eledrical  in  clear  weather,  but 

■ 

never  at  night,  except  when  there  has  appeared  an  aurora  bo¬ 
realis,  and  then  but  to  a  fmall  degree,  which  he  had  feveral 
opportunities  of  obferving  that  year.  How  far  pofitive  and 
negative  eledricity  in  the  air,  with  a  proper  quantity  of  moiflure 
between,  toferve  as  a  condudor,  will  account  for  this,  and  other 

•  •  f  *  {  .  '  < 

meteors,  fometimes  feen  in  a  ferene  iky,  he  leaves  to  be  inquir¬ 
ed  into  f. 


•  Phil.  Tranf,  Vol.  lii.  pt.  ii.  p.  485'. 
t  ibid.  Vol.  xlviii.  pt.  ii.  p.  784. 


f  Ibid.  Vol.  Ii.  pt.  i.  p.  405. 
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Signior  Beccaria  takes  fome  pains  to  fhow  that  water 
fpouts  have  an  electrical  origin.  To  make  this  more  evident,  he 
firft  defcribes  the  circumftances  attending  their  appearance,  which 
are  the  following. 

They  generally  appear  in  calm  weather.  The  fea  feems  to 
boil,  and  fend  up  a  fmoke  under  them,  rifing  in  a  hill  towards 
the  fpout.  At  the  fame  time,  perfons  who  have  been  near 
them  have  heard  a  rumbling  noife.  The  form  of  a  water  fpout 
is  that  of  a  fpeaking-trumpet,  the  wider  end  being  in  the  clouds, 
and  the  narrower  end  towards  the  fea.  The  fize  is  various,  even 
in  the  fame  fpout.  The  colour  is  fometimes  inclining  to  white* 
and  fometimes  to  black.  Their  pofition  is  fometimes  perpendi¬ 
cular  to  the  fea,  fometimes  oblique  ;  and  fometimes  the  fpout  it- 
felf  is  in  the  form  of  a  curve.  Their  continuance  is  very  various, 
fome  difappearing  as  foon  as  formed,  and  fome  continuing  a 
confiderable  time.  One  that  he  had  heard  of  continued  a  whole, 
hour.  But  they  often  vanifh,  and  prefently  appear  again  in  the 
fame  place*.  •  r  . 

The  very  fame  things  that  water  fpouts  are  at  fea  are  fome? 
kinds  of  whirlwinds  and  hurricanes  by  land.  They  have  been 
known  to  tear  up  trees,  to  throw  down  buildings,  make  caverns- 
in  the  earth;  and,  in  all  thefe  cafes,  to  fcatter  earth,  bricks, 
hones,  timber,  &c.  to  a  great  diftance  in  every  direction 
Great  quantities  of  water  have  been  left,  or  raifed  by  them,  fo 
as  to  make  a  kind  of  deluge  ;  and  they  have  always  been  at¬ 
tended  with  a  prodigious  rumbling  noife. 

i  hat  thefe  phenomena  depend  upon  electricity  cannot  but  ap¬ 
pear  very  probable  from  the  nature  of  feveral  of  them  ;  but  the 
conjeClure  is  made  more  probable  from  the  following  additional 
circumftances.  They  generally  appear  in  months  peculiarly  fub- 

!  f  Ibid.  p.  210. 


*  Elettricifmo  artificial  e  naturale,  p.206,  &c. 
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jeCt  to  thunder  dorms,  and  are  commonly  preceded,  accompani¬ 
ed,  or  followed  by  lightning,  rain,  or  hail ;  the  previous  {late 
of  the  air  being  fimilar.  .  Whitifh  or  yellowilh  daffies  of  light 
have  fometimes  been  feen  moving  with  prodigious  fwiftnefs  about 
them.  And,  ladly,  the  manner  in  wThich  they  terminate  exact¬ 
ly  refembles  what  might  be  expeCted  from  the  prolongation  of  one 
of  the  uniform  protuberances  of  eleffrified  clouds,  mentioned 
before,  towards  the  fea  ;  the  water  and  the  cloud  mutually  at¬ 
tracting  one  another  :  for  they  fuddenly  contract  themfelves, 
and  difperfe  almoft  at  once;  the  cloud  rifing,  and  the  water  of 
the  fea  under  it  falling  to  its  level.  But  the  moil  remarkable  cir- 
cum (lance,  and  the  mod  favourable  to  the  fuppofition  of  their 
depending  upon  electricity  is,  that  they  have  been  difperfed  by 
prefenting  to  them  {harp  pointed  knives  or  fwords.  This,  at  lead, 
is  the  condant  practice  of  mariners,  in  many  parts  of  the  world 
where  thefe  water  fpouts  abound ;  and  he  was  adured  by  feveral 
of  them,  that  the  method  has  often  been  undoubtedly  effec¬ 
tual 

The  analogy  between  the  phenomena  of  water  fpouts  and 
-  eleClricity, fhe  fays,'  may  be  made  vifible,  by  hanging  a  drop  of 

*  *  ’*  ,  .  ■  y  x 

water  to  a  wire  communicating  with  the  prime  conductor,  and 
placing  a  yeffel  of  water  under  it.  In  thefe  circumdances,  the 
drop  affumes  all  the  various  appearances  of  a  water  fpout,  both 
in  its  rife,  form,  and  manner  of  difappearing.  Nothing  is  want¬ 
ing  but  the  fmoke,  which  may  require  a  great  force  of  electri¬ 
city  to  become  vifible. 

Mr.  Wilcke  alfo  confiders  the  water  fpout  as  a  kind  of  great 
eleCtrical  cone,  railed  between  the  cloud  drongly  electrified,  and 
the  fea  or  the  earth  f,  and  he  relates  a  very  remarkable  appear¬ 
ance  which  occurred  to  himfelf,  and  which  drongly  confirms  his, 

*  Eleurici&no  artifkiale  e  naturale,  p.  z  1 3.  +  Wilcke,  p.  142. 
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fuppofition.  On  the  ?cth  of  July  1758,  at  three  o’clock  in 
the  afternoon,  he  obferved  a  great  quantity  of  duft  riling  from 
the  ground,  and  covering  a  field,  and  part  of  the  town  in 
which  he  then  was.  There  was  no  wind,  and  the  dull  moved 
gently  towards  the  Eaft,  where  there  appeared  a  great  black 
cloud,  which,  when  it  was  near  his  zenith,  electrified  his  appa¬ 
ratus  pofitively,  and  to  as  great  a  degree  as  ever  he  had  obferv¬ 
ed  it  to  be  done  by  natural  electricity.  This  cloud  palled  his 
zenith,  and  went  gradually  towards  the  Weft,  the  duft  then  fol¬ 
lowing  it,  and  continuing  to  rife  higher  and  higher  till  it  com- 
poled  a  thick  pillar,  in  the  form  of  a  fugar-loaf,  and  at  length 
fcemed  to  be  in  contact  with  the  cloud.  At  fome  diftance  from 
this,  there  came,  in  the  fame  path,  another  great  cloud,  together 
with  a  long  ftream  of  fmaller  clouds,  moving  fafter  than  the  pre¬ 
ceding.  Thefe  clouds  electrified  his  apparatus  negatively,  and 
when  they  came  near  the  pofitive  cloud,  a  flafh  of  lightning  was 
feen  to  dart  through  the  cloud  of  duft,  the  pofitive  cloud,  the 
large  negative  cloud,  and  as  far  as  the  eye  could  diftinguifh,  the 
whole  train  of  fmaller  negative  clouds  which  followed  it.  Upon 
this,  the  negative  clouds  fpread  very  much,  and  diflolved  in 
rain,  and  the  air  was  prefently  clear  of  all  the  duft.  The  whole 
appearance  lafted  not  above  half  an  hour 

To  Signior  Beccaria’s  theory  of  water  fpouts  and  hurricanes,  I 
fhall  add  a  defcription  of  a  hurricane  in  the  Weft  Indies,  from 
the  Account  oj  the  European  Settlements  in  America ,  part  of  which 
is  tranfcribed  from  the  Philofophical  TranfaCtions.  Both  were 
evidently  written  without  the  moft  diftant  view  to  any  philofo¬ 
phical  theory,  and  leaft  of  all  that  of  eleCtricity ;  and  yet  thofe 
who  are  difpofed  to  favour  this  hypothefis  may  perceive  feveral  cir- 

*  Remarks  on  Dr.  Franklin’s  Letters,  p.  348. 
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cumftances,  which  tend  to  ftrengthen  it.  I  need  not  point 
them  out. 

“  It  is  in  the  rainy  feafon,  principally  in  the  month  of  Auguft, 
“  more  rarel7  in  July  and  September,  that  they  are  alfaulted  by 
<c  hurricanes ,  the  moft  terrible  calamity  to  which  they  are 
“  fubjed  from  the  climate.  This  deftroys,  at  one  ftroke,  the- 
“  labour  of  many  years,  and  fruftrates  the  moft  exalted  hopes 
of  the  planter;  and  often  juft  at  the  moment  when  he  thinks 
“  himfelf  out  of  the  reach  of  fortune.  It  is  a  fudden  and  violent 
“  ftorm  of  wind,  rain,  thunder,  and  lightning ;  attended  with  a 
furious  fuelling  of  the  fea,  and  lometimes  with  an  earthquake; 
“  in  fhort,  with  every  circumftance  which  the  elements  can 
“  affemble  that  is  terrible  and  deftrudive. 

“  First  they  fee,  as  a  prelude  to  the  enfuing  havock,  whole 
“  fields  of  fugar  canes  whirled  into  the  air,  and  fcattered  over 

*  the  face  of  the  country.  The  ftrongeft  trees  of  the  foreft  are 
“  tom  up  by  the  roots,  and  driven  about  like  ftubble.  Their 
“  wind-mills  are  fwept  away  in  a  moment.  Their  works,  their 
“  fixtures,  the  ponderous  copper  boilers  and  ftills,  of  feveral  hun- 
u'  dred  weight,  are  wrenched  from  the  ground,  and  battered  to 
“  pieces.  Their  houfes  are  no  protedion  :  the  roofs  are  torn, 
“  off  at  oue  blaft,  whilft  the  rain,  which  in  an  hour  rifes  five: 
“  feet,  ru£hes  in  upon  them  with  an  irrefiftible  violence. 

4<  There  are  figns,  which  the  Indians  of  thefe  iflands  taught: 
“  our  planters,  by  which  they  can  prognofticate  the  approach 
“  ot  a  hurricane.  It  comes  on  either  in  the  quarters,  or  at  the 
“  full  or  change  of  the  moon.  If  it  will  come  on  at  the  full' 
“  moon,  you  being  at  the  change,  obferve  thefe  figns.  That 
u  day  you  will  fee  the  fky  very  turbulent.  You  will  obferve 
“  the  fun  more  red  than  at  other  times.  You  will  perceive  a 
M  dead  calm,  and  the  hills  clear  of  all  thole  clouds  and  mifts- 

*  which  ufually  hover  about  them.  In  the  clefts  of  the  earth,. 
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“  and  in  the  wells,  you  will  hear  a  hollow  rumbling  found,  like 
H  the  ru filing  of  a  great  wind.  At  night  the  liars  feem  much 
“  larger  than  ufual,  and  furrounded  with  a  fort  of  burs.  The 
«t  North-weft  fky  has  a  black  and  menacing  look,  and  the  fea 
“  emits  a  ftrong  fmell,  and  rifes  into  vaft  waves,  often  without 
“  anv  wind.  The  wind  itfelf  nowforfakes  its  ufusl  fteady  Eafter- 
tt  lyftream,  andfhifts  about  to  the  Weft;  from  whence  it  fome- 
“  times  blows,  with  intermifiions,  violently  and  irregularly, 
“  for  about  two  hours  at  a  time.  You  have  the  fame  figns  at 
“  the  full  of  the  moon.  The  moon  itfelf  is  furrounded  with  a 
“  great  bur,  and  fometimes  the  fun  has  the  fame  appearance 

The  firft  perfon  who  advanced  that  earthquakes  were  probably 
caufed  by  electricity,  was  Dr.  Stukeley,  upon  occafion  of 
the  earthquakes  at  London,  on  February  the  8th,  and  on  March 
the  8th,  1749  ;  and  another  which  affeCted  various  other  parts  of 
England,  the  center  being  about  Daventry  in  Northamptonfhire, 
on  the  30th  of  September  17  50.  The  papers  which  the  Doctor 
delivered  to  the  Royal  Society  on  thefe  occafions,  and  which  were 
read,  March  the  22d,  1749,  and  December  the  6th,  1750,  well 
deferve  the  attention  of  all  philofophers  and  electricians.  I  fhall 
here  give  the  fubftance  of  both  ;  only  abridging,  and  differently 
arranging  the  materials  of  them. 

That  earthquakes  are  not  owing  to  fubterraneous  winds, 
fires,  vapours,  or  any  thing  that  occafions  an  explofion,  and 
heaves  up  the  ground,  he  thought  might  eafily  be  concluded 
from  a  variety  of  circumftances.  In  the  firft  place,  he  thought 
there  was  no  evidence  of  any  remarkable  cavernous  ftruCture  of 
the  earth  ;  but  that,  on  the  contrary,  there  is  rather  reafon  to 
prefume,  that  it  is,  in  a  great  meafure,  folid  ;  fo  as  to  leave  little 
room  for  internal  changes  and  fermentations  within  its  fubftance; 

#  Account  of  the  European  Settlements  in  America,  Vol.  ii.  p.  96,  & c.  Phil. 

Tranf.  abridged,  Vol.  ii,  p.  106. 
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nor  do  coal-pits,  he  fays,  when  on  fire,  ever  produce  any  thing 
refembling  an  earthquake. 

In  the  fecond  earthquake  at  London,  there  was  no  fuch  thing 
as  fire,  vapour,  fmoke,  fmell,  or  an  eruption  of  any  kind  ob~ 
ferved,  though  the  fhock  affeCted  a  circuit  of  thirty  miles  in 
diameter.  This  confideration  alone,  of  the  extent  of  furface 
fhaken  by  an  earthquake,  he  thought  was  fufficient  to  overthrow 
the  fuppofition  of  its  being  owing  to  the  expanfion  of  any  fub- 
terraneous  vapours.  For  it  could  not  poffibly  be  imagined,  that 
fo  immenfe  a  force,  as  could  aCt  upon  that  compafs  of  ground  in- 
ftantaneoufly  fliould  never  break  the  furface  of  it,  fo  as  to  be  dis¬ 
coverable  to  the  fight  or  fmell ;  wdien  fmall  fire  balls,  burfling  in 
the  air,  have  inftantly  propagated  a  fulphureous  fmell  all  around 
them,  to  the  difhmce  of  feveral  miles. 

Besides,  the  operation  of  this  great  fermentation,  and  pro¬ 
duction  of  elaflic  vapours,  &c.  ought  to  be  many  days  in  con¬ 
tinuance,  and  not  inftantaneous ;  and  the  evaporation  of  fuch  a 
quantity  of  inflammable  matter  would  require  a  long  fpace  of 
time. 

He  thought  that  if  vapours  and  fubterraneous  fermentations, 
explofions,  and  eruptions  were  the  caufe  of  earthquakes,  they 
would  abfolutely  ruin  the  whole  fyflem  of  fprings  and  foun¬ 
tains  wherever  they  had  once  been  :  which  is  quite  contrary  to 
faCt,  even  where  they  have  been  frequently  repeated.  Men¬ 
tioning  the  great  earthquake  which  happened  A.  D.  17,  when  no 
lefs  than  thirteen  great  cities  of  Afia  Minor  were  deftroyed  in 
one  night,  and  which  may  be  reckoned  to  have  fhaken  a  mafs 
of  earth  300  miles  in  diameter,  he  afks,  Flow  can  we  poffibly 
conceive  the  action  of  any  fubterraneous  vapours  to  produce  fuch 
an  effeCl  fo  inftanteoufly?  How  came  it  to  pafs,  that  the  whole 
country  of  Afia  Minor  was  not  at  the  fame  time  deflroyed,  its 
mountains  reverfed,  its  fountains  and  fprings  broken .  up,  and 
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ruined  for  ever,  and  the  courfe  of  its  rivers  quite  changed? 
Whereas,  nothing  buffered  but  the  cities.  There  was  no  kind  of 
alteration  in  the  furface  of  the  country,  which,  indeed,  remains  the 
fame  to  this  day. 

To  make  the  hypothefis  of  fubterraneous  vapours,  &c.  be¬ 
ing  the  caufe  of  earthquakes  the  more  improbable,  he  obferves, 
that  any  fubterraneous  power,  fufficient  to  move  a  furface  of  earth 
thirty  miles  in  diameter,  as  in  the  earthquakes  which  happened 
at  London,  mud  be  lodged  at  lead  fifteen  or  twenty  miles  below 
the  furface  of  the  earth,  and  therefore  mud  move  an  inverted 
cone  of  folid  earth,  whofe  bafis  is  thirty  miles  in  diameter,, 
and  axis  fifteen  or  twenty  miles ;  an  effed  which,  he  fays,  no* 
natural  power  could  produce. 

Upon  the  fame  principle,  the  fubterraneous  caufe  of  the  earth¬ 
quake  in  Afia  Minor  mud  have  moved  a  cone  of  earth  of  300 
miles  in  bafe,  and  200  in  the  axis  ;  which,  he  fays,  all  the' 
gun-powder  which  has  ever  been  made  lince  the  invention  of  it 
would  not  have  been  able  to  dir,  much  lefs  any  vapours,  which, 
could  be  fuppofed  to  be  generated  fo  far  below  the  furface. 

It  is  not  upon  the  principles  of  any  fubterraneous  explofion 
that  we  can,  in  the  lead,  account  for  the  manner  in  which 
ihips,  far  from  any  land,  are  affeded  during  an  earthquake; 
which  feem  as  if  they  druck  upon  a  rock,  or  as  if  fomething, 
thumped  againd  their  bottoms.  Even  the  fifties  are  affeded  by 
an  earthquake.  The  droke,  therefore,  mud  be  occafioned  by 
fomething  that  could  communicate  motion  with  unfpeakably 
greater  velocity  than  any  heaving  of  the  earth  under  the  fea,  by 
the  eladicity  of  generated  vapours.  This  could  only  produce  a 
gradual  iwell,  and  could  never  give  fuch  an  impulle  to  the  water, 
as  would  make  it  feel  like  a  done. 

Comparing  all  thefe  circumdances,  Dr.  Stukeley  fays,  he 
had  always  thought,  that  an  earthquake  was  an  electrical  fliock, 
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of  the  fame  nature  with  thofe  which  are  now  become  familiar  in 
electrical  experiments.  And  this  hypothefis  he  thought  was  con¬ 
firmed  by  the  phenomena  preceding  and  attending  earthquakes, 
particularly  thofe  which  occalioned  this  publication. 

The  weather,  for  five  or  fix  months  before  the  firft  of  thcle 
earthquakes,  had  been  dry  and  warm  to  an  extraordinary  de¬ 
gree,  the  wind  generally  South  and  South-Weft,  and  that  with¬ 
out  rain;  fo  that  the  earth  mull  have  been  in  a  ftatc  of  electricity 
ready  for  that  particular  vibration  in  which  electrification  con- 
lifts.  On  this  account,  he  obierves,  that  the  Northern  regions 
of  the  world  are  but  little  fubjeCt  to  earthquakes  in  comparifon 
with  the  Southern,  where  the  warmth  and  drynefs  of  the  air, 
fo  neceflary  to  electricity,  are  common.  All  the  flat  country 
of  Lincolnfliire  before  the  earthquake  in  September,  though  un¬ 
derneath  it  is  a  watery  bog,  yet,  through  the  whole  preceding 
fummer  and  autumn  (as  they  can  have  no  natural  fprings  in 
fucli  a  level),  the  drought  had  been  fo  great  on  the  furface  of  the 
earth,  that  the  inhabitants  were  obliged  to  drive  their  cattle  fe- 
veral  miles  to  water.  This,  he  fays,  fhows  how  fit  the  dry  fur- 
face  was  for  an  eledrical  vibration ;  and  alfo,  which  is  of  great 
importance,  that  earthquakes  reach  but  very  little  below  the  fur- 
face  of  the  earth. 

Before  the  earthquake  at  London,  all  vegetables  had  been 
uncommonly  forward.  At  the  end  of  February,  in  that  year,  all 
forts  of  garden  fluff,  fruits,  flowers,  and  trees  were  obferved  to 
be  as  forward  as,  in  other  years,  about  the  middle  of  April; 
and  electricity  is  well  known  to  quicken  vegetation. 

The  aurora  borealis  had  been  very  frequent  about  the  fame 
time,  and  had  been  twice  repeated  juft  before  the  earthquake, 
of  fuch  colours  as  had  never  been  feen  before.  It  had  alfo  remov¬ 
ed  to  the  South,  contrary  to  what  is  common  in  England  ;  fo 
that  fome  Italians,  and  people  from  other  places  where  earthquakes 
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are  frequent,  obferving  thefe  lights,  and  the  peculiar  tempera¬ 
ture  of  the  air,  did  actually  foretell  the  earthquake.  For  a  fort¬ 
night  before  the  earthquake  in  September,  the  weather  was  ferene, 
mild,  and  calm ;  and,  one  evening,  there  was  a  deep  red  aurora 
borealis,  covering  the  cope  of  heaven,  very  terrible  to  behold. 

The  whole  year  had  been  exceedingly  remarkable  for  fire¬ 
balls,  thunder,  lightning,  and  corufcations,  almoft  throughout 
all  England.  Fire  balls  were  more  than  once  feen  in  Ireland  and 
Lincolnfhire,  and  particularly  obferved.  And  all  thefe  kinds  of 
meteors,  the  Dodor  fays,  are  rightly  judged  to  proceed  from  the 
eledrical  flats  of  the  atmofphere. 

Jn  thefe  previous  circumftances  of  the  hate  of  the  earth  and 
air,  nothing,  he  fays,  is  wanting  to  produce  the  wonderful  effed 
of  an  earthquake,  but  the  touch  of  fome  non-eledric  body, 
which  muft  neceffarily  bs  had  ab  extra ,  from  the  region  of  the 
air,  or  atmofphere.  Flence,  he  infers  that,  if  a  non-eledric  cloud 
difcharge  its  contents  upon  any  part  of  the  earth  in  that  highly 
eledrical  date,  an  earthquake  muft  neceffarily  enfue.  As  the  dif¬ 
charge  from  an  excited  tube  produces  a  commotion  in  the 
human  body,  fo  the  difcharge  of  eledric  matter  from  the  com- 
pafs  of  many  miles  of  folid  earth  muft  needs  be  an  earthquake1, 
and  the  fnap  from  the  contad  be  the  horrid  uncouth  noife  attend¬ 
ing  it. 

The  Dodor  had  been  informed,  by  thofe  who  were  up  and 
abroad  the  night  preceding  the  earthquake,  and  early  in  the 
morning,  that  corufcations  in  the  air  were  extremely  fre¬ 
quent  ;  and  that,  a  little  before  the  earthquake,  a  large  and  black 
Cioud  fuddenly  covered  the  atmofphere,  which  probably  occa- 
fioned  the  fhock,  by  the  difcharge  of  a  fhower.  Dr.  Childrey,  he 
fays,  ooferves,  that  earthquakes  are  always  preceded  by  rain* 
and  fudden  tempefts  of  rain  in  times  of  great  drought. 
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A  sound  was  obferved  to  roll  from  the  river  Thames  to¬ 
wards  Temple  Bar,  before  the  houfes  ceafed  to  nod,  juft  as  the 
electrical  fnap  precedes  the  fhock.  This  noife,  an  obferver  faid, 
was  much  greater  than  any  he  had  ever  heard.  Others,  who 
write  upon  earthquakes,  commonly  obferve,  that  the  noife  pre¬ 
cedes  the  fhock :  whereas  it  mull  have  been  quite  the  contrary,  if 
the  concufiion  had  depended  upon  a  fubterraneous  eruption. 
This  noife  attending  earthquakes,  the  Dodor  thought,  could  not 
be  accounted  for,  but  upon  the  principles  of  eledricity.  The 
earthquake  in  September  was  attended  with  a  rufhing  noife,  as  if 
houfes  were  falling,  and  people,  in  fome  places,  were  fo  uni- 
verfally  frighted,  as  to  run  out  of  their  houfes,  imagining  that 
their  own,  and  thole  of  their  neighbours  were  tumbling  on  their 
heads.  In  fome  villages,  the  people,  being  at  divine  fervice,  were 
much  alarmed  with -the  noife;  which  they  faid,  beyond  all  compa- 
rifon,  exceeded  all  the  thunder  they  had  ever  heard. 

The  flames  and  fulphureous  fmells,  which  are  fometimes  ob¬ 
ferved  during  earthquakes,  the  DoCtor  thought  were  more  eafily 
accounted  for,  from  the  fuppofition  of  their  being  eledrical 
phenomena,  than  from  their  being  occafioned  by  the  eruption 
of  any  thing  from  the  bowels  of  the  earth. 

The  impreffion  made  by  an  earthquake  upon  land  and  water, 
to  the  greateft  diftances  is,  as  was  obferved  before,  inftantane- 
ous,  which  could  only  be  effeded  by  eledricity. .  *  In  the  earth¬ 
quake  in  September,  the  concuffion  was  felt  through  a  fpace  of 
100  miles  in  length,  and  forty  in  breadth;  and,  as  far  as  could 
be  judged,  at  the  fame  inftant  of  time.  That  this  trad  of  ground, 
which  amounted  to  4000  fquare  miles  in  furface,  fhould  be 
thrown  into  fuch  agitation  in  a  moment,  is  fuch  a  prodigy, 
the  Dodor  fays,  as  we  could  never  believe,  or  conceive,  did  we 
not  know  it  to  be  fad  from  our  fenfes.  But  if  we  feek  the  fo- 
lution  of  it,  we  cannot  think  any  natural  power  equal  to  it  but 
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that  of  electricity,  which  acknowledges  no  fenfible  tranfition  of 
time,  no  bounds. 

The  little  damage  generally  done  by  earthquakes,  the  Dodor 
thought  to  be  an  argument  of  their  being  occalioned  by  a  fimple 
vibration,  or  tremulous  motion  of  the  furface  of  the  earth,  by 
an  eledrical  fnap.  This  vibration,  he  fays,  impreffed  on  the  wa¬ 
ter,  meeting  with  the  folid  bottoms  of  fhips  and  lighters,  occa- 
fions  that  thump  which  is  faid  to  be  felt  by  them :  yet,  of  the 
millions  of  ordinary  houfes,  over  which  it  palled,  not  one  fell.  A 
confideration  which  fufficiently  points  out  what  fort  of  a  motion 
this  was  not;  alfo  what  fort  of  a  motion  it  was,  and  whence  de¬ 
rived  ;  not  a  convulfion  in  the  bowels  of  the  earth,  but  an  uni¬ 
form  vibration  along  its  furface,  like  that  of  a  mulical  firing, 
or  what  we  put  a  drinking-glafs  into,  by  rubbing  one’s  linger 
on  the  edge;  which  yet,  being  brought  to  a  certain  pitch,  breaks 
the  glafs ;  undoubtedly,  he  adds,  an  eledrical  repulfion  of  its 
parts. 

That  earthquakes  are  eledrical  phenomena,  is  farther  evident, 
he  fays,  from  their  chiefly  alfeding  the  fea-coaft,  places  along 
rivers,  and,  I  may  add,  eminences.  The  earthquake  in  Septem¬ 
ber  fpread  moflly  to  the  North  and  South,  which  theDodor  fays 
is  the  diredion  of  the  Spalding  river,  whereby  it  was  conveyed 
to  the  fea  fliore,  where  it  was  particularly  fenfible  ;  thence  up 
Boflon  chanfiel,  and  fo  up  Boflon  river  to  Lincoln.  The  greatefl 
part  of  this  earthquake  difplayed  its  effeds  along,  and  between 
the  two  rivers  Welland  and  Avon,  and  that  from  their  fources 
down  to  their  mouths.  It  likewife  reached  the  river  Witham, 
which  direded  the  eledrical  flream  that  way  alfo  to  Lincoln; 
for  which  reafon,  meeting  the  fame  coming  from  Boflon,  it  was 
moll  fenfibly  felt  there.  It  reached,  likewife,  to  the  Trent  at 
Nottingham,  which  conveyed  it  to  Newark. 
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The  firft' eledtical  ftroke  in  this  earthquake  feemed  to  the' 
Dodor  to  have  been  made  on  the  high  ground  about  Daventry, 
in  Northarnptonfhire.  From  thence  it  defcended  chiefly  Eafi> 
ward,  and  along  the  river  Welland,  from  Harborough  to  Stam¬ 
ford,  Spalding,  and  the  fea  ;  and  along  the  rivers  Avon  and  Nen 
to  Northampton,  Peterborough,  Wifbich,  and  the  fea.  It  fpread 
itfelf  all  over  the  vaft  level  of  the  ifle  of  Ely,  promoted  by  a  great 
number  of  canals,  natural  and  artificial,  made  for  draining  that 
country.  It  was  Hill  conduced  Eaftward,  by  Mildenhall  river 
in  Suffolk,  to  Bury,  and  the  parts  adjacent.  All  thefe  circum- 
ftances  duly  confidered  were  to  him  a  confirmation  of  the  dodrine 
he  advanced  on  this  fubjed. 

Lastly,,  the  Dodor  adds,  as  a  farther  argument  in  favour' 
of  his  hypothefis,  that  pains  in  the  back,  rheumatic,  hyfteric, 
and  nervous  cafes;  head-aches,  cholics,  &c.  were  felt  by  many 
people  of  weak  conftitutions,  for  a  day  or  two  after  the  earth¬ 
quake  ;  juft  as  they  would  after  eledrification ;  and,  to  fome,  thefe 
diforders  proved  fatal. 

In  what  manner  the  earth  and  atmofphere  are  put  into  that 
eledrical  and  vibratory  ftate,  which  prepares  them  to  give  or  re¬ 
ceive  that  fnap  and  fhock,  which  we  call  an  earthquake,  and 
whence  it  is  that  this  eledric  matter  comes,  the  Dodor  does  not 
pretend  to  fay,  but  thinks  it  as  difficult  to  account  for  as  magnetifm, 
gravitation,  mufcular  motion,  and  many  other  fecrets  in  nature  *. 

To  thefe  obfervations  of  Dr.  Stukeley,.  I  fhall  add  fome  circum- 
ftances  which  were  obferved  by  Dr.  Hales,  in  the  earthquake  at 
London,  on  March  the  8th,  1749,  as  tending  to  ftrengthen 
the  hypothefis  of  its  being  caufed  by  eledricity;  though  the' 
Dodor,  who  relates  them,  thought  that  the  eledric  appear¬ 
ances  were  only  occafioned  by  the  great  agitation  which  the  elec- 
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trie  fluid  was  put  into,  by  the  fhock  of  fo  great  a  mafs  of 
the  earth,  o 

At  the  time  of  the  earthquake,  about  twenty  minutes  be¬ 
fore  fix  in  the  morning,  thcDodpr,  being  awake  in  bed,  on  a 
ground  floor,  at  a  houfe  near  the  church  of  St.  Martin’s  in  the 
Fields,  very  fenfibly  felt  his  bed  heave,  and  heard  an  obfeure 
rufhing  noife  in  the  houfe,  which  ended  in  a  loud  exploflon 
up  in  the  air,  like  that  of  a  fmall  cannon.  The  whole  dura¬ 
tion,  rrom  the  beginning  to  the  end,  feeming  to  be  about  four 
feconds. 

This  great  noife,  the  Dodor  conjedurcd,  was  owing  to  the 
rufhing,  or  hidden  expanfion  of  the  eledric  fluid  at  the  top  of  St. 
Martin’s  fpire,  where  all  the  elcdric  effluvia,  which  afeended 
along  the  large  body  of  the  tower,  being  ftrongly  condenfed, 
and  accelerated  at  the  point  of  the  weathercock,  as  they  rufhed 
off,  made  fo  much  the  louder  expanfive  exploflon. 

The  Dodoi  xarther  fays,  that  the  foldiers,  who  were  upon 
duty  in  St.  James’s  park,  and  other  perfons  who  were  then  up, 
faw  a  blackifh  cloud,  and  a  conflderable  lightning,  juft;  before 
the  earthquake  began  *. 

Mr,  Hartman  is  of  opinion  that  eledricity  is  the  caufe 
of  earthquakes,  and  gives  afuccind  enumeration  of  all  thecircum- 
ftances  which  favour  this  hypothefis  f. 

J\I  /  reader,  who  has  feen  to  how  great  an  extent  Signior  Bec- 
caiia  has  already  carried  the  principles  of  eledricity,  will  have 
no  doubt  but  that  he  fuppofes  eartliquukes  to  be  derived  from  that 
caufe.  And  indeed,  without  any  knowledge  of  what  Dr.  Stukeley 
had  done,  he  did  fuppofe  them  to  be  eledrical  phenomena ;  but, 
conti  ary  to  the  Dodor,  imagined  the  eledric  matter  which  oc- 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  540,  541 
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cafioned  them  to  be  lodged  deep  in  the  bowels  of  the  earth,  agree¬ 
able  to  his  hypothefis  concerning  the  origin  of  lightning. 

It  is  certain  that  if  Signior  Beccaria’fc  account  of  the  origin 
of  thunder  clouds  be  admitted,  there  will  be  little  difficulty  in  ad¬ 
mitting  farther,  that  earthquakes  are  to  be  reckoned  among  the 
effects  of  eledtricity.  For  if  the  equilibrium  of  the  eledtric  matter 
can,  by  any  means,  be  loft  in  the  bowels  of  the  earth ;  fo  that 
the  beft  method  of  reftoring  it  fhall  be  by  the  fluid  burfting  its 
way  into  the  air,  and  traverftng  feveral  miles  of  the  atmo- 
fphere  to  come  to  the  place  where  it  is  wanted;  it  may  eafily  be 
imagined,  that  violent  concuflions  may  be  given  to  the  earth,  by 
the  fudden  pafiage  of  this  powerful  agent.  And  feveral  circum- 
ftances  attending  earthquakes  he  thought  rendered  this  hypothefis 
by  no  means  improbable. 

Volcanos  are  known  to  have  a  near  connexion  with  earth- 

,  ,  1  *■  r  I  •  , 

quakes  ;  and  flafhes  of  light,  exadtly  refembling  lightning,  have 
frequently  been  feen  to  rufh  from  the  top  of  Mount  Vefu- 
vius,  at  the  time  that  afhes  and  other  light  matter  have  been 

r  ■  f 

carried  out  of  it  into  the  air,  and  been  difperfed  uniformly 
over  a  large  tradt  of  country.  Of  thefe  he  produces  a  great 
number  of  inftances,  from  the  beft  authority  *. 

■'A  rumbling  noife,  like  thunder,  is  generally  heard  during  an 
earthquake.  At  fuch  times,  alfo,  flafhes  of  light  have  been  feen 
rifing  out  of  the  ground,  and  darting  up  into  the  air.  Real 
lightning  hath  fometimes  occafioned  fmall  fhakings  of  the  earth, 
at  leaft  has  been  attended  by  them.  But  the  ftrongeft  circumftance 
of  refemblance  which  he  obferved  is  the  fame  that  Dr.  Stukeley 
lays  fo  much  ftrefs  on,  viz.  the  amazing  fwiftnefs  with  which 
the  earth  is  fhaken  in  earthquakes.  An  earthquake,  fays  he, 
is  by  no  means  a  gradual  heaving,  as  we  might  have  expedted 

*  Lettere  dell’  elettricifmo,  p.226,  362,  &c, 
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from  other  caufes,  but  an  inftantaneous  concuflion,  fo  that  the 
fluidity  of  the  water  is  no  fecurity  againfl:  the  blow.  The  very 
fhips,  many  leagues  off  the  coaft,  feel  as  if  they  ftruck  againfl; 
a  rock. 

This  admirable  philofopher,  having  imitated  all  the  great 
phenomena  of  natural  eledricity  in  his  own  room,  doth  not 
let  the  earthquake  efcape  him.  He  fays,  that  if  two  pieces  of 
glafs,  incloling  a  thin  piece  of  metal,  be  held  in  the  hand,  while 
a  large  fhock  is  fent  through  them,  a  ftrong  vibration,  or  con- 
cuflion  will  be  felt ;  which  fometimes,  as  in  Dr.  Franklin’s  ex¬ 
periments,  breaks  them  to  pieces.. 

Signior  Beccaria  thinks,  that  there  are  traces  of  eledrical 
operations  in  the  earthquake,  that  happened  at  Julian’s  attempt 
to  rebuild  the  temple  of  Jerufalem  *. 

That  the  eledric  fluid  is  fometimes  colleded  in  the  bowels 
of  the  earth,  he  thought  was  probable  from  the  appearance  of 
ignes  fatui  in  mines,  which  fometimes  happens,  and  is  very  pro¬ 
bably  an  eledrical  phenomenon  f . 

'  i  )  V  A 

Which  of  thefe  two  philofophers  have  advanced  the  more  pro- 
bable  opinion  concerning  the  feat  of  the  eledric  matter  which  oc- 
cafions  earthquakes,  I  fliall  not  pretend  to  decide.  I  fhajl  only 
obferve  that,  perhaps,  a  more  probable  general  hypothefls  than? 
either  of  them  may  be  formed  out  of  them  both.  Suppoie  the 
eledric  matter  to  be,  iome  way  or  other,  accumulated  on  one  part 
of  the  furface  of  the  earth,  and,  on  account  of  the  drynefs  of 
the  feaion,  not  eaiily  to  diffufe  itfelf ;  it  may,  as  Signior  Becca- 
na  fuppolco,  force  itielf  a  way  into  the  higher  regions  of  the 
an,  forming  clouds  in  its  paflage  out  of  the  vapours  which  float  , 
in  the  atmofphere,  and  occaflon  a  hidden  fhower,  which  may 
lartner  promote  the  paflage  of  the  fluid.  The  whole  furface,  thus  , 

*  Letter;  deli’  dettricif«0,  p,  363.  t  Dell’  ele.ttricifrao  artificiale  e  naturale,  p.  22H. 
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Unloaded,  will  receive  a  concuflion,  like  any  other  conduding 
fubftance  on  parting  with,  or  receiving  a  quantity  of  the  eledric 
fluid.  The  rufhing  noife  will,  Jikewife,  fweep  over  the  whole 
extent  of  the  country.  And,  upon  this  fuppofition,  alfo,  the 
fluid,  in  its  difcharge  from  the  country,  will  naturally  fol¬ 
low  the  courfe  of  the  rivers,  and  alfo  take  the  advantage  of  any 
eminences,  to  facilitate  its  afcent  into  the  higher  regions  of 
the  air. 

I  shAll  clofe  this  account  of  the  theory  of  lightning,  and  other 
phenomena  of  the  atmofphere,  with  an  enumeration  of  the  prin¬ 
cipal  appearances  of  natural  eledricity  obferved  by  the  ancients, 
and  which  were  never  underftood  before  the  difcovery  of  Dr. 
Franklin.  It  will  be  very  eafy  for  me  to  do  this,  as  I  find  them 
already  colleded  to  my  hands  by  Dr.  Watfon  *. 

A  luminous  appearance,  which  muft  have  been  of  an  eledri- 
cal  nature,  is  mentioned  by  Plutarch  in  his  life  of  Lyfander.  He 
confidered  it  as  a  meteor. 

Pliny,  in  his  fecond  book  of  Natural  Hiftory,  calls  thofe  ap¬ 
pearances  Jiars ,  and  tells  us,  that  they  fettled  not  only  upon  the 
malls,  and  other  parts  of  fhips,  but  alfo  upon  men’s  heads.  £x- 
JiJiunt ,  fays  that  hiftorian,  ft  dice  et  in  mari  terrifque .  Vidi 
noclurnis  militum  vigiliis  inhcerere  pilis  pro  vallo  fulgorem  effigie 
ea :  et  antennis  navigantium  alufque  navium  partibns ,  ceu  vocali 

quodam  fono  injijiunt ,  ut  volucres^  fedem  ex  fede  mut antes - Ge- 

mince  autem  J'alut ares  et  profperi  curfus  prcenuncice  ;  quarum  ad - 
'ventu-tfugari  diram  illam  ac  minacem  appellatatnque  Helenam  ferunt . 
Et  ob  id  Polluci  et  Gaflori  id  numen  afignant ,  eofque  in  mart  deos 
invocant.  Honiihum  quoque  capiti  vefpertinis  horis,  magno  preefagto 
circumfiilgent.  But,  adds  he,  thefe  things  are  incerta  ratione  et 
in  naturce  majefiate  abdita. 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  i.  p.  210. 
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««  Stars  make  their  appearance  both  at  land  and  Tea.  I  have 
“  feen  a  light  in  that  form  on  the  fpears  of  foldiers,  keeping 
“  watch  by  night  upon  the  ramparts.  They  are  feen  alfo  on  the 
tc  fail-yards,  and  other  parts  of  fhips,  making  an  audible  found, 
«  and  frequently  changing  their  places.  Two  of  thefe  lights  fore- 
“  bode  good  weather,  and  a  profperous  voyage;  and  drive  away 
“  one  that  appears  fingle,  and  wears  a  threatening  afped.  This 

the  failors  call  Helen,  but  the  two  they  call  Caftor  and  Pollux, 
“  and  invoke  them  as  Gods.  Thefe  lights  do  fometimes,  about 
“  the  evening,  reft  on  men’s  heads,  and  are  a  great  and  good 
“  omen.  But  thefe  are  among  the  awful  myfteries  of  nature.” 

Seneca  in  his  Natural  Queftions,  chap.  i.  takes  notice  of  the- 
fame  phenomenon.  Gylippo%  Syracufas  petenti  vifa  ejl  fella  fupra 
ipjam  lancem  conJTuiJfe .  In  Romanorum  cafris  •vifa  funt  ardere  pila^ 
ignibus  /cilice t  in  illis  delapfs . 

“  A  star  fettled  on  the  lance  of  Gylippus,  as  he  was  failing 
“  to  Syracufe :  and  fpears  have  feemed  to  be  on  fire  in  the  Ro- 
“  man  camp.” 

In  Cxfar,  de  Bello  Africano,  cap.  vi.  edit.  Amftel.  1686,.  we 
find  them  attending  a  violent  florin.  Per  id  tempus  fere  Ccefaris 
exercitui  res  accidit  incredibilis  auditu ;  nempe  Virgiliarum  figno 
confeHo ,  circiter  vigilia  fecunda  notdis ,  nimbus  cum  faxea  grandine 
fubito  ef  coortus  ingens.  Eadem  nolle  legionis-  V.  pilorum  cacumina 
fua  fponte  arjernnt. 

u  About  that  time,  there  was  a  very  extraordinary  appearance 
“  in  the  army  of  Cssfar.  In  the  month  of  February,  about  the 
“  fecond  watch  of  the  night,  there  fuddenly  arofe  a  thick  cloud, 
“  followed  by  a  fhower  offtones;  and  the  fame  night,  the  points 
“  of  the  fpears  belonging  to  the  fifth  legion  feemed  to  take  fire.” 

Livy,  cap.xxxii.  mentions  two  fimilar  fads.  In  Sicilia  militibus 
aliquot  Jpicula ,  in  Sardinia  muro  circumeunti  vigilias  equiti,  fci~ 
pionem ,  quern  in  manu  ienuerat^  arfijfe ;  et  lit  or a  crebris  ignibus fulfi/fe*. 

“  The 
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“  The  fpears  of  fome  foldiers  in  Sicily,  and  a  walking-flick, 
M  which  a  horfeman  in  Sardinia  was  holding  in  his  hand,  feemed 
“  to  be  on  fire.  The  fhores  were  alfo  luminous  with  frequent 
5C  fires.” 

These  appearances  are  called,  both  by  the  French  and  Spa¬ 
niards,  inhabiting  the  coafts  of  the  Mediterranean,  St.  Helme’s, 
or  St.  Telme’s  fires  ;  by  the  Italians  the  fires  of  St.  Peter,  and  St. 
Nicholas  ;  and  are  frequently  taken  notice  of  by  the  writers  of 
voyages. 

If  fome  late  accounts  from  France,  adds  the  Do&or,  are  to 
be  depended  upon,  this  phenomenon  has  been  obferved  at 
Plauzet  for  time  immemorial,  and  Mr.  Binon,  the  Cure  of  the 
place  fays,  that  for  twenty-feven  years,  which  he  has  refided 
there,  in  great  florins  accompanied  with  black  clouds,  and  fre¬ 
quent  lightnings,  the  three  pointed  extremities  of  the  of  the 
crofs  of  the  fleeple  of  that  place  appeared  furrounded  with  a 
body  of  flame ;  and  that  when  this  phenomenon  has  been 
feen,  the  ftorm  was  no  longer  to  be  dreaded,  and  calm  weather 
returned  foon  after. 

Modern  hiflory  furnifhes  a  great  number  of  examples  of 
flames  appearing  at  the  extremities  of  pointed  metallic  bodies 
proje&ing  into  the  air.  Little  notice  was  taken  of  thefe,  while 
the  caufe  of  them  was  unknown;  but  fince  their- near  affinity 
with  lightning  has  been  difcovered,  they  have  been  more  attended 
to,  and  collected. 
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SECTION  XIII. 


Observations  on  the  use  of  METALLIC  CONDUCTORS 

TO  SECURE  BUILDINGS,  &C.  FROM  THE  EFFECTS  OF  LIGHT¬ 
NING. 


THE  former  feCtions  of  this  period  relate  chiefly  to  the 
theory  of  electricity.  In  the  two  next  I  fhall  confider 
what  has  been  done  towards  reducing  this  fcience  into  practice. 
And,  in  the  firft  place,  I  fhall  recite  the  obfervations  that  have 
been  made  refpeCting  the  ufe  of  metallic  conductors,  to  fecure 
buildings  from  lightning,  as  having  the  neareft;  connection  with 
the  fubjeCt  of  the  feCtions  immediately  preceding. 

D  r.  Franklin’s  propofal  topreferve  buildings  from  the  dread¬ 
ful  effects  of  lightning  was  by  no  means  a  matter  of  mere  theory. 
Several  ftriking  faCts,  which  occurred  within  the  period  of  which 
I  am  treating,  demonftrate  its  Utility. 

Innumerable  obfervations  fliow  how  readily  metallic  rods 
actually  conduct  lightning,  and  how  fmall  a  fubftance  of  metal 
is  fufhcient  to  difcharge  great  quantities  of  it.  Mr.  Calendrini, 
who  afterwards  applied  to  Dr.  Watfon,  to  be  informed  of  the 
belt  methods  of  fecuring  powder  magazines,  fays  that  he  himfelf 
was  an  eye-witnefs  of  the  effeCt  of  a  flafh  of  lightning,  where  he 
obicrved  it  had  ftruck  the  wire  of  a  bell,  and  had  been  complete¬ 
ly  conducted  by  it,  from  one  room  of  a  houfe  to  another,  through 
a  very  imall  hole  in  the  partition.  This  obfervation  was  prior  to 

the 
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the  difcoveries  of  Dr.  Franklin,  but  was  recolleded  and  recorded 
afterwards*. 

Dr.  Franklin  himfelf,  in  a  letter  to  Mr.Dalibard,  dated  Phi¬ 
ladelphia,  June  the  29th,  1755,  relating  what  had  been  fhown 
him  of  the  effeds  of  lightning  on  the  church  of  Newbury 
in  New  England,  obferves,  that  a  wire  not  bigger  than  a  com¬ 
mon  knitting  needle,  did  in  fad  condud  a  flafh  of  lightning, 
without  injuring  any  part  of  the  building  as  far  as  it  went, 
though  the  force  of  it  was  fo  great,  that  from  the  termination 
of  the  wire  down  to  the  ground*  the  fteeple  was  exceedingly  rent 
and  damaged,  fome  of  the  (tones,  even  in  the  foundation,  being 
torn  out,  and  thrown  to  the  diftance  of  twenty  or  thirty  feet. 
No  part  of  the  wire,  however,  could  be  found,  except  about 
two  inches  at  each  extremity,  the  reft  being  exploded,  and  its; 
particles  diftipated  in  fmoke  and  air,  as  the  Dodor  fays,  like  gun¬ 
powder  by  a  common  fire.  It  had  only  left  a  black  fmutty  track 
upon  the  plaifter  of  the  wall  along  which  it  ran,  three  or  four 
inches  broad,  darkeft  in  the  middle,  and  fainter  towards  the 
edges..  Erom  the  circumftances  of  this  fad  it  was  very  evident,, 
that,  had  the  wire  been  continued  to  the  foot  of  the  build¬ 
ing,  the  whole  (hock-  would  have  been  conduded  without  the 
lead:  injury  to  it,  though  the  wire  would  have  been  deftroyed  f. 

But  the  moft  complete  demonftration  of  the  real  ufe  of  Dr. 
Franklin’s  method  of  fecuring  buildings  from  the  effeds  of  light- - 
ning,  is  Mr.  Kinnerlley’s  account  of  what  happened  to  the  houfe- 
of  Mr.  Weft,  a  merchant  of  Philadelph  ia  in  Penfilvania,  which 
was  guarded  by  an  apparatus  conftruded  according  to  the  di- 
redions  of  Dr.  Franklin.  It  confided  of  an  iron  rod,  which 
extended  about  nine  feet  and  an  half  above  a  (lack  of  chimnies, 
to  which  it  was  fixed.  It  was  more  than  half  an  inch  in  diameter 


*  Phil.  Tranf.  VoL  liv.  pt.  i.  p.  .203. 
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in  the  -thickeft  part,  and  went  tapering  to  the  upper  end,  in  which 
there  was  a  hole  that  received  a  brafs  wire  about  three  lines  thick 
and  ten  inches  long,  terminating  in  a  very  acute  point  :  the 
lower  part  of  the  apparatus  joined  to  an  iron  ftake,  driven  font 


or  five  feet  into  the  ground. 

IYIiA  West  judging,  by  the  dreadful  flafh  ox  lightning  and  in** 
ftant  crack  of  thunder,  that  the  conductor  had  been  firuck,  got  it 
examined;  when  it  appeared,  that  the  top  of  the  pointed  rod 
was  melted,  and  the  fmall  brafs  wire  reduced  to  feven  inches 
and  a  half  in  length,  with  its  top  very  blunt.  The  ftendereft  part 
of  the  wire  he  fulpedfed,  had  been  dillipated  in  finokc ;  but  fome 
of  it,  where  the  wire  was  a  little  thicker,  being  only  melted 
bv  the  lightning,  funk  down  (while  in  a  fluid  ftate)  and  formed  a 
rough  irregular  cap,  lower  on  one  fide  than  on  the  other,  round 
the  upper  end  of  what  remained,  and  became  intimately  united 
with  it.  It  is  remarkable,  that,  notwithftanding  the  iron  ftake, 
in  which  the  apparatus  terminated,  was  driven  three  or  four 
feet  into  the  ground,  yet  the  earth  did  not  conduct  the  ligutning 
fo  faft,  but  that,  in  thunder  ftorms  the  lightning  would  be  feen 
diffufed  near  the  ftake  two  or  three  yards  over  the  pavement, 
though  at  that  time  very  wet  with  rain  *, 

In  order  to  fecure  fhips  from  fuftaining  damage  by  lightning, 
Dr.  Watfon,  in  a  letter  to  Lord  Anfon,  read  at  the  Royal  Society, 
December  the  1 6th.,  1762,  advifes,  that  a  rod  of  copper,  about  the 
thicknefs  of  a  goofe  quill,  be  connected  with  the  fpindles  and 
iron  work  of  the  mail;  and,  being  continued  down  to  the  deck, 
be  from  thence,  in  any  convenient  direction,  fo  difpofed,  as  al¬ 


ways  to  touch  the  fea  water  j\ 

With  refpedt  to  powder  magazines,  Dr.  Watfon  advifed  Mr. 
-Calandrini  above  mentioned,  that  the  apparatus  to  conduct 


f  Ibid.  Vol.  lii.  pt.  ii.  p.  633. 
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the  lightning  from  them  be  detached  from  the  buildings  tliem- 
felves,  and  conveyed  to  the  next  water. 

What  lately  happened  to  St  Bride’s  church  in  London  is  a 
fiifficient  proof  of  the  utility  of  metallic  conductors  for  light¬ 
ning.  Dr.  Watfon,  who  publifhed  an  account  of  this  faCt  in  the 
Philofophical  TranfaCtiOns,  obferves,  that  the  lightning  firft  took 
a  weather-cock,  which  was  fixed  at  the  top  of  the  fleeple ; 
and  was  conducted  without  injuring  the  metal,  or  any  thing 
elfe,  as  low  as  where  the  large  iron  bar  or  fpindle  which  fupport- 
ed  it  (and  which  came  down  feveral  feet  into  the  top  of  the  fteeple) 
terminated.  There,  the  metallic  communication  ceafing,  part 
of  the  lightning  exploded,  cracked,  and  fhattered  the  obelifk, 
which  terminated  the  fpire  of  the  fteeple,  in  its  whole  diameter, 
and  threw  off  at  that  place  feveral  large  pieces  of  Portland  flone, 
of  which  the  fteeple  was  built.  Here  it  likewife  removed  a  ftone 

x 

from  its  place,  but  not  far  enough  to  be  thrown  down.  From 
thence  the  lightning  feemed  to  have  rufhed  upon  two  hori¬ 
zontal  iron  bars,  which  were  placed  within  the  building  crofs 
each  other,  to  give  additional  ftrength  to  the  obelifk,  almoft  at 
the  bafe  of  it,  and  not  much  above  the  upper  ftory.  At  the  end  of 
one  of  thefe  iron  bars,  on  the  Eaft  and  North-Eaft  fide,  it  ex¬ 
ploded  again,  and  threw  off  a  confiderable  quantity  of  ftone. 
Almoft  all  the  damage  done  to  the  fteeple,  except  near  the  top, 
was  confined  to  the  Eaft  and  North-Eaft  fide,  and  generally,  where 
the  ends  of  the  iron  bars  had  been  inferted  into  the  ftone,  or  placed 
under  it ;  and,  in  fome  places,  by  its  violence  in  the  ftone,  its 
paflage  might  be  traced  from  one  iron  bar  to  another. 

It  is  very  remarkable,  that,  to  lefien  the  quantity  of  ftone 
in  this  beautiful  fteeple,  cramps  of  iron  had  been  employed  in  fe¬ 
veral  parts  of  it ;  and  upon  thefe,  ftones  of  no  great  thick- 
nefs  had  been  placed,  both  by  way  of  ornament,  and  to  cover  the 
cramped  joint.  In  feveral  places  thefe  ftones  had,  on  account 
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of  their  covering  the  iron,  been  quite  blown  off,  and  thrown 
away.  A  great  number  of  ftones,  fome  of  them  large  ones, 
were  thrown  from  the  fteeple,  three  of  which  fell  upon  the 
roof  of  the  church,  and  did  great  damage  to  it ;  and  one  of  them 
broke  through  the  large  timbers  which  formed  the  roof,  and 
lodged  in  the  gallery. 

Upon  the  whole,  the  fteeple  was  found,  on  a  furvey,  to  be 
fo  much  damaged  in  feveral  of  its  parts,  that  eighty-five  feet 
were  taken  down,  in  order  to  reftore  it  fubftantially  ;  and  the 
manner  in  which  this  fteeple  was  damaged  completely  indi¬ 
cated,  as  Dr.  Watfon  obferves,  the  great  danger  of  infulated  maftes 
of  metal  from  lightning  ;  and,  on  the  contrary,  evinced  the  uti¬ 
lity  and  importance  of  maftes  of  metal  continued,  and  properly 
concluded,  in  defending  them  from  its  direful  cffeds.  The  iron 
and  lead  employed  in  this  fteeple,  in  order  to  ftrengthen  and  pre- 
ferve  it,  did  almoft  occafion  its  deftrudion  ;  though,  after  it  was 
ftruck  by  the  lightning,  had  it  not  been  for  thefe  materials  keep¬ 
ing  the  remaining  parts  together,  a  great  part  of  the  fteeple  muft 
have  fallen. 

This  building  fuffered  the  more,  on  account  of  the  thunder 
ftorm  having  been  preceded  by  feveral  very  warm  days.  The 
nights  had  fcarce  furnifhed  any  dew,  the  air  was  quite  dry,  and 
in  a  ftate  perfectly  unfit  to  part  with  its  highly  accumulated  elec¬ 
tricity,  without  violent  efforts.  This  great  drynefs  had  made 
the  ftones  of  St.  Bride’s  fteeple,  and  all  other  buildings  under 
the  like  circumftances,  far  lei's  fit,  than  if  they  had  been  in  a 
moift  ftate,  to  condud  the  lightning,  and  prevent  the  mifehief; 
For,  though  the  thunder  ftorm  ended  in  a  heavy  fhower  of  rain, 
none,  except  a  few  very  large  drops,  fell  till  after  the  church 
was  ftruck.  And  Dr.  Watfon  had  no  doubt,  but  that  the  fuc- 
ceeding  rain  prevented  many  accidents  of  a  fimilar  kind,  by 
bringing  down,  with  every  drop  of  it,  part  of  the  eledric  mat¬ 
ter, 
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ter,  and  thereby  reftoring  the  equilibrium  between  the  earth  and 
clouds. 

It  is  frequently  obferved,  he  fays,  that,  in  attending  to  the  ap- 
paratus  for  collecting  the  electricity  of  the  clouds,  though  the 
iky  is  much  darkened,  and  there  have  been  feveral  claps  of  thun¬ 
der,  at  no  great  diftance,  yet  the  apparatus  will  fcarcely  be  af- 
feCted  by  it ;  but  that,  as  foon  as  the  rain  begins  and  falls  upon 
fo  much  of  the  apparatus  as  is  placed  in  the  open  air,  the  bells 
belonging  to  it  will  ring,  and  the  eleCtrical  fnaps  fuc-ceed  each 
other  in  a  very  extraordinary  manner.  This,  as  he  oblerves,  de- 
monltrates,  that  every  drop  of  rain  brings  down  part  of  the  elec- 
trie  matter  of  a  thunder  cloud  and  diflipates  it  in  the  earth  and 
water,  thereby  preventing  the  mifehiefs  of  its  violent  and  hid¬ 
den  explohon.  Hence  when  the  heavens  have  a  menacing  ap¬ 
pearance,  a  ihower  of  rain  is  much  to  be  wifhed  for. 

From  all  thefe  conhderations,  Dr.  Watfon  had  no  doubt,  but 
that  the  mifehief  done  to  St.  Bride’s  fteeple  was  owing  to  the 
efforts  of  the  lightning,  after  it  had  poffeffed  the  apparatus  of  the 
weathercock,  endeavouring  to  force  itfelf  a  paflage  from  thence 
to  the  iron  work  employed  in  the  fteeple.  As  this  muft  be  done 
per  faltum ,  as  he  exprefles  it,  there  being  no  regular  metallic 
communication,  it  was  no  wonder,  when  its  force  was  vehe¬ 
ment,  that  it  rent  every  thing  which  was  not  metallic  that  ob- 
ftruCted  its  eafy  paflage ;  and  that,  in  this  particular  inftance,  the 
ravages  increafed,  as  the  lightning,  to  a  certain  diftance,  came 
down  the  fteeple. 

The  Dodtor  advifes  that,  in  order  to  have  ocular  demonftration 
when  thefe  metallic  conductors  do  really  difeharge  the  lightning, 
they  be  difeontinued  for  an  inch  or  two,  in  fome  place  con¬ 
venient  for  obfervation;  in  which  cafe  the  fire  will  be  feen  to 
jump  from  one  extremity  of  the  wire  to  the  other.  If  any  dan¬ 
ger  be  apprehended  from  this  difcontinuance  of  the  metallic  con^ 
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dudor,  he  fays  that  a  loofe  chain  may  be  ready  to  hang  on,  and 
complete  the  communication  *. 

Mr.  Delaval,  who  alfo  gives  an  account  of  the  fame  acci¬ 
dent,  obferved,  that,  in  every  part  of  the  building  that  was 
damaged,  the  lightning  had  aded  as  an  elaftic  fluid,  endeavouring 
to  expand  itfelf  where  it  was  accumulated  in  the  metal;  and 
that  the  efteds  were  exadly  fimilar  to  thofe  which  would 
have  been  produced  by  gunpowder  pent  up  in  the  fame  places, 


and  exploded. 

In  the  fame  paper  Mr.  Delaval  gives  it  as  his  opinion,  that 
a  wire,  or  very  fmall  rod  of  metal,  did  not  feem  to  have  been  a 
canal  fufficiently  large  to  condud  fo  great  a  quantity  of  light¬ 
ning  as  ftruck  this  fteeple;  efpecially  if  any  part  of  it,  or  of  the 
metal  communicating  with  it,  was  inclofed  in  the  ftone  work,  in 
which  cafe,  he  thought,  the  application  of  it  would  tend  to  in- 
creafe  its  bad  efleds,  by  conduding  it  to  parts  of  the  building 
which  it  might  otherwife  not  have  reached. 

Upon  the  whole,  he  thought  that  a  condudor  of  metal,  lefs 
than  fix  or  eight  inches  in  breadth,  and  a  quarter  of  an  inch  in 
thicknefs  (or  an  equal  quantity  of  metal  in  any  other  form 
that  might  be  found  more  convenient)  cannot  with  fafety  be  de¬ 
pended  on,  where  buildings  are  expofed  to  the  reception  of  a 
great  quantity  of  lightning  j\ 

Mr.  Wilson,  in  a  paper  written  upon  the  fame  occafion,  ad- 
vifes,  that  pointed  bars  or  rods  of  metal  be  avoided  in  all  con- 
dudors  of  lightning. 

As  the  lightning,  he  fays,  muft  viflt  us  feme  way  or  other,, 
from  necefiity,  there  can  be  no  reafon  to  invite  it  at  all;  but, 
on  the  contrary,  when  it  happens  to  attack  our  buildings, 
we  ought  only  fo  to  contrive  our  apparatus,  as  to  be  able  to  carry 


*  Phil.  Tranf.  Vol.  liv.  p.  zoj,  &c.. 
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the  lightning  away  again,  by  fuch  fuitable  condudors,  as  will 
very  little,  if  at  all,  promote  any  increafe  of  its  quantity. 

To  attain  this  definable  end,  in  fome  degree  at  leaft,  he 
propofes,  that  the  feveral  buildings  remain  as  they  are  at  the 
top;  that  is,  without  having  any  metal  above  them,  either 
pointed  or  not,  by  way  of  condudor ;  but  that  on  the  infide  of 
the  higheft  part  of  the  building,  within  a  foot  or  two  of  the  top, 
a  rounded  bar  of  metal  be  fixed,  and  continued  down  along  the 
fide  of  the  wall,  to  any  kind  of  moiflure  in  the  ground 

Sign ior  Beccaria  whofe  obfervations  and  experience  with 
refped  to  lightning  give  a  weight  to  his  opinion  fuperior  to 
that  of  any  other  man  whatever,  feems  to  think  very  differently 
from  Mr.  Wilfon  on  this  fubjed.  He  fays  that  no  metallic 
apparatus  can  attrad  more  lightning  than  it  can  condud.  And 
fo  far  is  he  from  thinking  one  condudor,  rounded  at  the  top, 
and  a  foot  or  two  under  the  roof  fufficient ;  that  if  the  build¬ 
ing  be  of  any  extent,  he  advifes  to  have  feveral  of  the  ufual  form ; 
that  is,  pointed,  and  higher  than  the  building.  One  conduc¬ 
tor  he  thought  fufficient  for  one  tower,  ffeeple,  or  fhip ;  but  he 
thought,  two  neceffaryfor  the  wing  of  a  building  200  feet  long, 
one  at  each  extremity  ;  three  for  two  fuch  wings,  the  third  be¬ 
ing  fixed  in  the  middle ;  and  four  for  a  fquare  palace  of 
the  fame  front,  one  at  each  corner  j\ 

My  readers  at  a  difiance  from  London  will  hardly  believe  me, 
when  I  inform  them,  that  the  elegant  fpire  which  has  been  the 
fubjed  of  a  great  part  of  this  fedion,  and  which  has  been  twice 
damaged  by  lightning  (tor  it  is  now  very  probable,  that  a  damage 
it  received  in  the  year  1750,  was  owing  to  the  fame  caufe)  is  now 
repaired,  without  any  metallic  condudor,  to  guard  it  in  cafe  of 
a  third  firoke. 

*  Phil.  TranC  Vol.  I17.  p.  249.  f  Lettere  dell’  elettncifmo,  p.  278. 
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SECTION  XIV. 

Of  MEDICAL  ELECTRICITY. 


TH  E  fubjeCt  of  medical  electricity  falls  almoft  wholly  with¬ 
in  the  period  of  which  I  am  now  treating.  For,  though 
fome  effects  of  electricity  upon  animal  bodies  had  been  noted  by 
the  Abbe  Nollet,  and  a  few  difeafed  perfons  had  faid  they  had  re¬ 
ceived  benefit  from  being  electrified ;  yet  very  little  had  been  done 
this  way,  and  phyficians  had  fcarcely  attended  to  it,  till  within 
this  period ;  whereas  electricity  is  now  become  a  confiderable  ar¬ 
ticle  in  the  materia  medica. 

The  firft  account  I  have  met  with  of  the  application  of  elec¬ 
tricity  to  medical  purpofes  is  of  Mr.  C.  Kratzenftein,  profeflor  of 
medicine  at  Halie ;  who,  in  the  year  1744,  cured  a  woman  of 
a  contracted  little  finger  in  a  quarter  of  an  hour.  He  alfo  fo 
far  relieved  a  perfon  who  had  two  lame  fingers,  by  once  elec¬ 
trifying  them,  that  he  could  play  upon  the  harpficord,  which 
he  had  before  been  difabled  from  doing.  He  alfo  obferved,  that 
a  man  s  pulfe,  which  had  beat  eighty  in  a  fecond  before  he  was 
electrified,  immediately  after  beat  eighty-eight,  and  was  prefently 
increafed  to  ninety-fix  * 


*  Dantzick  Memoirs,  Vol,  i.  p.  294. 
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There  is,  another  celebrated  inftance  of  the  cure  of  a  palfy 
before  this  period ;  which  is  that  performed  by  Mr.  Jallabert, 
profeffor  of  philofophy  and  mathematics  at  Geneva,  on  a  lock- 
finith  of  the  age  of  fifty-two  *,  whofe  right  arm  had  been  paraly¬ 
tic  fifteen  years,  occafioned  by  a  blow  of  a  hammer.  He  was 
brought  to  Mr.  Jallabert  on  the  26th  of  December  1747,  and 
was  almoft  completely  cured  by  the  28th  of  February  1748.  In 
this  interval  he  was  frequently  electrified,  fparks  being  taken- 
from  the  arm,  and  fometimes  the  eleCtric  fhock  fent  through  it  f. 
Mr.  Jallabert’s  own  account  of  this  cure  is  very  circumflantial. 
But  it  appears  from  the  Abbe  Nollet’s  account  of  his  fecond  jour¬ 
ney  to  Italy,  that  this  perfon  relapfed  to  the  condition  in  which 
Mr.  Jallabert  found  him.  See  the  French  tranflation  of  this 
book,  vol.  ii.  p.  396. 

The  report  of  this  cure  performed  at  Geneva  engaged  Mr. 
Sauvages  of  the  Academy  in  Montpelier  to  attempt  the  cure  of 
paralytics,  in  which  he  had  confiderable  fuccefs.  In  one  cafe 
it  occafioned  a  falivation,  and  in  another  a  profufe  fweat.  Many 
paralytics,  however,  were  electrified  without  any  fuccefs.  Indeed 
the  prodigious  concourfe  of  patients  of  all  kinds,  which  the  re¬ 
port  of  thefe  cures  brought  together,  was  fo  great,  that  few  of 
them  could  be  electrified,  except  very  imperfectly.  For  two  or 
three  months  together,  twenty  different  patients  were  electrified 
every  day.  It  is  not  furprifing  to  find,  that  the  neighbouring 
populace  confidered  thefe  cures  as  an  affair  of  witchcraft,  and  that 
the  operators  were  obliged  to  have  recourfe  to  their  priefts  to 
undeceive  them  J.  In  the  courle  of  thefe  experiments  it  was 
found,  by  very  accurate  obfervations  made  with  a  pendulum  * 
that  electrification  increafes  the  circulation  of  the  blood  about  1 
one  fixth. 


*  Jallabert’s  Experiences,  143. 
J  Ibid.  p.  97. 
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One  of  the  firft  who  attended  to  eledricity  in  a  medical  way 
was  Dr.  Bohadtch  a  Bohemian  ;  who,  in  a  treatife  upon  medical 
eledricity,  communicated  to  the  Royal  Society,  gave  it  as  his 
opinion,  after  the  refult  of  much  experience,  that  of  all  diftem- 
pers  the  hemiplegia  feemed  to  be  the  moft  proper  objed  of  elec¬ 
tricity.  He  alfo  thought  it  might  be  of  ufe  in  intermitting 
fevers  *. 

The  pally  having  happened  to  be  the  fir  It  diforder  in  which 
eledricity  gave  relief,  there  was  a  confiderable  number  of  cafes 
publilhed  pretty  early,  in  which  paralytics  were  faid  to  have 
found  benefit  from  this  new  method  of  treatment.  In  the  year 
1757,  Mr.  Patric  Brydone  performed  a  complete  cure  of  a  hemi¬ 
plegia,  and,  indeed,  an  almoft  univerfal  paralytic  affedion,  in 
about  three  days.  The  patient  was  a  woman,  aged  thirty-three, 
and  the  palfy  was  of  about  two  years  continuance  •f'.  And  John 
Godfrey  Tefke,  very  nearly  cured  a  young  man,  of  the  age  of 
twenty,  of  a  paralytic  arm,  of  which  he  had  not  had  the  leaf!  ufe 
from  the  age  of  five  years  J. 

The  Abbe  Nollet’s  experiments  upon  paralytics  had  no  per¬ 
manent  good  effed  §.  He  obferves,  however,  that,  during  fifteen 
or  fixteen  years  that  he  had  eledrified  all  forts  of  perfons,  he 
had  known  no  one  bad  effed  to  have  arifen  from  it  to  any  of 
them  || . 

Dr.  Hart,  in  a  letter  to  Dr.  Watfon,  dated  Salop,  March  the 
20th,  1756,  mentions  a  cure  performed  by  eledricity  upon  a 
woman  of  twenty-three  years  of  age,  whofe  hand  and  wrifi:  had 
for  fome  time  been  rendered  ufelefs  by  a  violent  contradion  of  the 
mufcles.  She  was  not  fenfible  of  the  firft  fhock  that  was 
given  her ;  but,  as  the  fhocks  were  repeated,  the  fenfation  in- 


*  Phil.  Tranf.  Vol.  xlvii.  p.  351.  f  Ibid.  Vol.  li,  pt.  i.  p.  392.  1 
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creafed,  till  fhe  was  perfe&ly  well.  She  was  alfo  cured  a  fecond 
time,  after  a  relapfe  occafioned  by  a  cold  *. 

But  perhaps  the  moll  remarkable  cafe  that  has  yet  occurred  of 
the  ufe  of  electricity  in  curing  a  diforder  of  this  kind,  and  in¬ 
deed  of  any  that  is  incident  to  the  human  body  was  of  that 
dreadful  diforder,  an  univerfal  tetanus.  It  is  related  by  Dr  Wat- 
fon  in  the  Philofophical  TranfaCtions ;  and  the  account  was  read 
at  the  Royal  Society  the  ioth  of  February  1763.  The  patient  was 
a  girl  belonging  to  the  Foundling  hofpital,  about  feven  years  of 
age,  who  was  firft  feized  with  a  diforder  occafioned  by  the  worms, 
and  at  length  by  an  univerfal  rigidity  of  her  mufcles  ;  fo  that  her 
whole  body  felt  more  like  that  of  a  dead  animal  than  a  living 
one.  She  had  continued  in  this  difmal  condition  above  a  month, 
and  about  the  middle  of  November  1762,  after  all  the  ufual  me¬ 
dicines  had  failed,  Dr.  Watfon  began  to  eleCtrify  her;  and  con¬ 
tinued  to  do  it  by  intervals,  till  the  end  of  January  following; 
when  every  mufcle  of  her  body  was  perfectly  flexible,  and  fub- 
fervient  to  her  will,  fo  that  fhe  could  not  only  ftand  upright,  but 
could  walk,  and  even  run  like  other  children  of  her  age  'f. 

Dr.  Edward  Spry  relates  a  complete  cure  which  he  made  of  a 
locked  jaw  and  paralyfis,  in  the  cafe  of  a  girl  of  eighteen  years 
of  age.  Small  fhocks  were  given  to  the  mufcles  particularly 
affeCted  £. 

That  electricity  may  he  hurtful,  and  even  in  fome  cafes  in 
which  analogy  would  lead  us  to  promife  ourfelves  it  might  be 
of  ufe,  is  evident  from  many  cafes,  and  particularly  from  one 
related  by  Dr.  Hart  of  Shrewfbury,  in  a  letter  to  Dr.  Watfon, 
which  was  read  at  the  Royal  Society,  November  the  14th,  j  7 54. 

A  young  girl  about  fixteen,  whofe  right  arm  was  paralytic,  and 
greatly  waded  in  comparifon  of  the  other,  on  being  electrified 


*  Phil.  Tranf.  Vol.  xlix.  pt.  ii.  p.  558.  f  Ibid.  Vol.  liii.  p.  10. 
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twice,  became  univerfally  paralytic,  and  remained  fo  above  a  fort¬ 
night  ;  when  the  new  palfy  was  removed  by  proper  medicines, 
though  the  firft  difeafed  arm  remained  as  before. 

However  Dr.  Hart,  notwithftanding  this  bad  accident,  had  a 
mind  to  try  electricity  again.  The  girl  fubmitted  to  it,  but  after 
having  been  eledrilied  about  three  or  four  days,  fhe  became 
a  fecond  time  univerfally  paralytic,  and  even  loft  her  voice, 
and  the  ufe  of  her  tongue,  fo  that  it  was  with  great  difficulty 
fhe  could  fwallow.  She  was  relieved  of  this  additional  palfy  a 
fecond  time  by  a  proper  courfe  of  medicines,  continued  about 
four  months;  but  was  difcharged  out  of  the  hofpital  as  incur¬ 
able  of  her  firft  palfy.  It  is  faid  that  the  Dodor  would  have 
tried  eledricity  a  third  time ;  but  the  girl,  being  more  nearly 
concerned  in  the  experiment  than  her  phyfician,  thought  proper 
to  decline  it  *. 

Dr.  Franklin’s  account  of  the  effeds  of  eledricity,  in  the 
manner  in  which  he  applied  it,  is  by  no  means  favourable  to  it3 
ufe  in  fuch  cafes.  He  fays,  in  a  letter  to  Sir  John  Pringle,  read 
at  the  Royal  Society,  January  the  12th,  1758,  that  fome  years 
before,  when  the  news-papers  made  mention  of  great  cures  per¬ 
formed  in  Italy  and  Germany  by  eledricity,  a  number  of  paraly¬ 
tics  were  brought  to  him,  from  different  parts  of  Peniilvania  and 
the  neighbouring  provinces,  to  be  eledrified,  and  that  he  per¬ 
formed  the  operation  at  their  requeft.  His  method  was,  firft  to 
place  the  patient  in  a  chair,  or  upon  an  eledrical  ftool,  and  draw 
a  number  of  large  ftrong  fparks  from  all  parts  of  the  affeded 
limb  or  fide.  He  then  fully  charged  two  fix-gallon  glafs  jars, 
and  fent  the  united  fhock  of  them  through  the  affeded  limb  or 
limbs,  repeating  the  ftroke  commonly  three  times  each  day. 
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The  firfl  thing  he  obferved  was  an  immediate  greater  fenfible 
warmth  in  the  affeded  limbs,  which  had  received  the  broke,  than 
in  the  others ;  and  the  next  morning  the  patients  ufually  faid, 
thatf  in  the  night,  they  had  felt  a  prickling  fenfation  in  the  flefh 
of  the  paralytic  limbs ;  and  would  fometimes  fhow  a  number 
of  fmall  red  fpots,  which  they  fuppofed  were  occafioned  by 
thofe  prickings.  The  limbs  too  were  found  more  capable  of 
voluntary  motion,  and  feemed  to  receive  flrengtli.  A  man,  for 
inftance,  who  could  not,  the  firfl:  day,  lift  his  lame  hand  from  off 
his  knee,  would  the  next  day  raife  it  four  or  five  inches  ;  the 
third  day  higher ;  and  on  the  fifth  was  able,  but  with  a  feeble  lan¬ 
guid  motion,  to  take  off  his  hat.  Thefe  appearances,  the  Dodor 
fays,  gave  great  fpirits  to  the  patients,  and  made  them  hope 
for  a  perfed  cure ;  but  he  did  not  remember  that  he  ever  faw 
any  amendment  after  the  fifth  day ;  which  the  patients  perceiving, 
and  finding  the  fhocks  pretty  fevere,  became  difcouraged,  went 
home,  and  in  a  fhort  time  relapfed  ;  fo  that  he  never  knew  any 
permanent  advantage  from  eledricity  in  palfies. 

Perhaps,  fays  he,  fome  permanent  advantage  might  be 
obtained,  if  the  eledric  fhocks  had  been  accompanied  with 
proper  medicine  and  regimen,  under  the  diredion  of  a  fkilfui 
phyfician.  He  thought  too,  that  many  fmall  fhocks  might 
have  been  more  proper  than  the  few  great  ones  which  he 
gave;  fmce,  in  an  account  from  Scotland,  a  cafe  was  mentioned 
in  which  200  fhocks  from  a  phial  were  given  daily,  and  a  per- 
fed  cure  had  been  made  *. 

Th  at  there  is  an  intimate  connedion  between  the  bate  of  elec¬ 
tricity  in  the  air  and  the  human  body,  is  evident  from  feveral 
fads,  particularly  a  very  remarkable  one  related  by  the  Abbe 
Mazeas,  in  a  letter  to  Dr.  Hales.  He  was  eledrifying  a  perfon 

*  Phil.  Tranf.  Vol.  1.  pt.  ii,  p.  481. 
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who  was  fubjed  to  epileptic  fits,  by  his  apparatus  to  make  ob- 
fervations  upon  the  ele&ricity  of  the  common  atmofphere.  At 
firft  this  perfon  bore  the  fparks  very  well,  but  in  two  or  three 
minutes  the  Abbe,  perceiving  his  countenance  to  change,  begged 
he  would  retire,  left  any  accident  fhould  happen ;  and  he  was  no 
fooner  returned  home,  than  his  fenfes  failed  him,  and  he  was 
feized  with  a  moft  violent  fit.  His  convulfions  were  taken 
off  with  fpirits  of  hartfhorn,  but  his  reafon  did  not  return  in  an 
hour  and  an  half.  He  wTent  up  and  down  the  flairs  like  one 
who  walks  in  his  fleep,  without  fpeaking  to,  or  knowing  any 
perfon,  fettling  his  papers,  taking  fnuff,  and  offering  chairs  to  all 
who  came  in.  When  he  was  fpoken  to,  he  pronounced  inarti¬ 
culate  words,  which  had  no  connection. 

When  this  poor  man  recovered  his  reafon,  he  fell  into  another 
fit ;  and  his  friends  told  the  Abbe,  he  was  more  affeCted  with 
that  diftemper  when  it  thundered  than  at  any  other  time;  and  if 
it  ever  happened,  which  it  rarely  did,  that  he  then  efcaped,  his 
eyes,  his  countenance,  and  the  confufion  of  his  expreftions,  fuffi- 
ciently  demonftrated  the  weaknefs  of  his  reafon. 

The  next  day,  the  Abbe  learned  from  the  perfon  himfelf,  that 
the  fear  of  thunder  was  not  the  caufe  of  his  difeafe ;  but  that, 
however,  he  found  a  fatal  connexion  between  that  phenomenon 
and  his  diftemper.  He  added,  that  when  the  fit  feized  him,  he 
perceived  a  vapour  riftng  in  his  breaft,  with  fo  much  rapidity, 
that  he  loft  all  his  fenfes  before  he  could  call  for  help*. 

Mr.  Wilson  cured  a  woman  of  a  deafnefs  of  feventeen  years 
ftanding.  He  alfo  obferves,  that  fhe  had  a  very  great  cold 
when  fhe  began  to  be  eledrified  ;  but  that  the  inflammation 
ceafed  the  firft  time,  and  the  cold  was  quite  gone  when  the  ope¬ 
ration  had  been  performed  again  the  fecond  day.  But  he  ac- 


*  Phil.  Tranf.  Vol.  xlviii.  pt.  i.  p,  383. 


know- 


Per. X.  Sec. XIV.  ELECTRICITY.  ;8i 

V 

knowledges,  that  he  had  tried  the  fame  experiment  upon  fix  other 
deaf  perfons  without  any  fuccefs  *. 

The  fame  perfon  obferves,  that  one  gentleman,  near  feventy 
years  old,  could  never  be  made  to  receive  a  fhock  except  in  his 
wrifts.  He  fays  that  he  himfelf  could  once  have  borne  very  great 
fhocks  without  inconvenience,  but  that  he  could  not  bear  them 
at  the  time  that  he  wrote. 

Medical  electricity  is  very  much  obliged  to  the  labours  and 
obfervations  of  Mr.  Lovet,  lay-clerk  of  the  cathedral  church 
at  Worcefter,  who  has  for  many  years  been  indefatigable  in  the 
application  of  ele&ricity  to  a  great  variety  of  difeafes.  His  fuc¬ 
cefs  has  been  very  confiderable,  and  all  the  cafes  he  has  published 
feem  to  be  well  authenticated. 

According  to  Mr.  Lovet,  electricity  is  almoft  a  fpecific  in  all 
cafes  of  violent  pains,  of  however  long  continuance,  in  every 
part  of  the  body;  as  in  obftinate  head-achs,  the  fciatica,  the 
cramp,  and  diforders  refembling  the  gout.  He  had  no  trials  of 
the  proper  gout,  but  only  on  thofe  who  were  flightly  attacked,*, 
and  who  received  immediate  relief. 

The  tooth-ach,  he  fays,  is  generally  cured  inftantly,  and  he 
fcarce  ever  remembered  any  one  who  complained  of  its  raging 
a  minute  after  the  operation  f. 

It  has  feldom  failed,  he  fays,  to  cure  rigidities,  or  a  waft¬ 
ing  of  the  mufcles,  and  hyfterical  diforders,  particularly  if  they 
be  attended  with  coldnefs  in  the  feet.  According  to  him,  it  cures 
inflammations,  it  has  flopped  a  mortification,  cured  a  fiftula 
lachrymalis,  and  difperfed  extravafated  blood  J.  He  alfo  fays  it 
has  been  of  excellent  ufe  in  bringing  to  a  fuppuration,  or  in 
difperfing  without  fuppuration,  obftinate  fwellings  of  various 
kinds,  even  thofe  that  were  fcrophulous.  In  his  hands  it  cured 

*■  Wilfon’s  Eflay,  p.207.  f ;  Lovet’s  EfTay,  p.  112.  t  Ibid.  p.  76. 
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the  falling  ficknefs,  and  feveral  kinds  of  fits,  though  the  patients 
had  been  fubjed  to  them  for  many  years  ;  and  one  cure  he  men¬ 
tions  of  a  hemiplegia*.  Laftly,  he  relates  a  well  attefted  cafe, 
from  Mr.  Floyer,  furgeon  at  Dorchefter,  of  a  complete  cure  of 
what  feemed  to  be  a  gutta  ferena.  T.  lie*  fame  Mr.  Floyer,  he  alfo 
fays,  cured  with  it  two  young  'women  of  obftrudions,  one  of 
whom  had  taken  medicines  a  year  to  no  purpofe'f. 

In  the  rheumatifm,  Mr.  Lovet  candidly  confeffes,  it  has  failed ; 
but  he  fays  it  was  feldom  in  the  cafe  of  young  perfons,  if  they 
were  taken  in  time. 

The  manner  in  which  eledricity  operated  in  thefe  cures,  Mr. 
Lovet  imagined  to  be,  by  removing  fecret  obftrudions,  which  are 
probably  the  caufe  of  thofe  diforders.  In  all  his  pradice  he  never 
knew  an  inftance  of  harm  being  done  by  it,  and  thinks  that,  in 
all  the  cafes  in  which  it  has  done  harm,  the  manner  of  admi- 
niftering  it  has  been  injudicious.  In  general,  he  thinks  the 
fhocks  have  been  made  too  great.  This  he  imagined  to  have  been 
the  cafe  of  the  patient  before  mentioned  of  Dr.  Hart,  who  was 
made  more  paralytic  by  eledric  fhocks.  Mr.  Lovet  advifes  to 
begin,  in  general,  with  fimple  eledrification,  efpecially  in  hyfte- 
rical  cafes  ;  then  to  proceed  to  taking  fparks,  and  laftly  to  giving 
moderate  fhocks,  but  hardly  ever  any  that  are  violent,  or 
painful. 

The  account  of  the  application  of  eledricity  by  Dr.  Zetzel 
of  Upfal,  which  may  be  feen  in  Mr.  Lovet’s  treatife,  agrees  in 
the  main  with  the  refult  of  his  own  pradice;  and  where  there  is 
any  difference  between  them,  Mr.  Lovet  thinks  there  are  evi¬ 
dent  marks  of  unfairnefs  in  the  Swedifti  account.  And  a  fub- 
fequent  account  from  Sweden  mentions  feveral  cures  being  made 
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in  thofe  very  cafes,  in  which  Dr.  Zetzel  fays  that  no  relief  was  to 
be  had  from  electricity. 

The  Rev.  Mr.  J.  Wefley  has  followed  Mr.  Lovet  in  the  fame 
ufeful  courfe  of  medical  electricity,  and  recommends  the  ufe  of 
it  to  his  numerous  followers,  and  to  all  people.  Elappy  it  is 
when  an  afcendency  over  the  minds  of  men  is  employed  to  pur- 
pofes  favourable  to  the  increafe  of  knowledge,  and  to  the  bed;  in- 
terefts  of  mankind.  Mr.  Wefley ’s  account  of  cures  performed 
by  eledricity  agrees  very  well  with  that  of  Mr.  Lovet,  whom 
he  often  quotes.  He  adds,  that  he  has  fcarce  ever  known  an 
inftance  in  which  fhocks  all  over  the  body  have  failed  to  cure  a 
quotidian  or  tertian  ague  *.  He  mentions  cafes  of  blindnefs 
cured  or  relieved  by  it ;  and  fays  that  he  has  known  hearing 
given  by  it  to  a  man  that  was  born  deaf -f-.  He  mentions 
cures  in  cafes  of  bruifes,  running  fores,  the  dropfy,  gravel  in 
the  kidnies  (caufing  the  patient  to  part  with  it)  a  palfy  in  the 
tongue,  and  laftly  in  the  genuine  confumption.  But  Mr.  Boiffer 
lays  it  is  of  diflervice  in  phthilical  complaints  J. 

Mr.  Wesley  candidly  fays,  he  has  not  known  any  inftance 
of  the  cure  of  an  hemiplegia ;  and  though  many  paralytics  have 
been  helped  by  electricity,  he  fcarcely  thinks  that  any  palfy  of 
a  year’s  Handing  has  been  thoroughly  cured  by  it.  He 
aflerts,  however,  that  he  has  never  yet  known  any  perfon,  man, 
woman,  or  child,  Tick  or  well,  who  has  found  (what  Mr.  Wilfon 
fays,  that  fome  perfons  complained  of)  an  unufual  pain  fome 
days  after  the  fhock.  Mr.  Wefley  had  only  known  that  the  rheu¬ 
matic  pains,  which  were  afterwards  perfectly  cured,  had  increafed 
on  the  firlt  or  fecond  application  §. 


Wefiey’s  Defideratum,  p.  5.  f  Ibid,  p  4S. 

£  Carmichael  Tentamen  mauguraie  ir.edicum  de  Paralyfi,  p.  34.  cx  Ad.  Upf. 
§.  Wefley’s  Defideratum,  p,  50. 


Mr. 


MEDICAL 


Fart  I. 


4 


384 


Mr.  Wesley  directs  the  fame  method  of  adminiftration  with 
Mr.  Lovet.  In  deep  hyfterical  cafes,  he  advifes  that  the  patients 
be  fimply  eledrified,  fitting  on  cakes  of  rofin,  at  lead  half  an 
hour,  morning  and  evening  ;  when,  after  fome  time,  fmall 
fparks  may  be  taken  from  them,  and  afterwards  fhocks  given  to 
them,  more  or  lefs  ftrong,  as  their  diforder  requires ;  which,  he 
fays,  has  feldom  failed  of  the  defired  effed  *. 

This  account  of  the  medical  ufe  of  eledricity  by  Mr.  Lovet 
and  Mr.  Wefley  is  certainly  liable  to  an  objedion,  which  vdll 
always  lie  againft  the  accounts  of  thofe  perfons  who,  not  being 
of  the  faculty,  cannot  be  fuppofed  capable  of  diftinguifhing  with 
accuracy  either  the  nature  of  the  diforders,  or  the  confequences  of 
a  feeming  cure.  But,  on  the  other  hand,  this  very  circum- 
flance  of  their  ignorance  of  the  nature  of  diforders,  and  confe- 
quently  of  the  beft  method  of  applying  eledricity  to  them,  fup- 
plies  the  ftrongeft  argument  in  favour  of  its  innocence  at  leaft. 
If  in  fuch  unfkilful  hands  it  has  produced  fo  much  good,  and  fo 
little  harm  ;  how  much  more  good,  and  how  much  lefs  harm 
would  it  probably  have  produced  in  more  fkilful  hands. 

But  whatever  weight  there  be  in  this  objedion  againft  the 
laft  mentioned  writers,  it  certainly  cannot  be  urged  againft  An- 
tonius  de  Haen,  one  of  the  moll  eminent  phyficians  of  the  pre- 
fent  age ;  who,  after  fix  years  uninterrupted  ufe  of  it,  reckons 
it  among  the  moft  valuable  afliftances  of  the  medical  art ;  and 
exprefsly  fays,  that  though  it  has  often  been  applied  in  vain,  it 
has  often  afforded  relief  where  no  other  application  would  have 
been  effedual.  But  I  fhall  recite  in  a  fummary  manner,  from 
his  Ratio  Medcndi ,  the  refult  of  all  his  obfervations  on  this  fub- 
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With  refpeCt  to  partial  palfies,  in  particular,  he  fays,  it  never 
did  the  lead;  harm;  that  one  or  two  perfons  who  had  received  no 
benefit  from  it  in  fix  intire  months,  were  yet  much  relieved  by 
Persevering  in  the  ufe  of  it.  That  fome  perfons  difeontinuing  it, 
after  having  received  feme  benefit,  relapfed  again  ;  but  afterwards’, 
by  recurring  to  the  ufe  of  electricity,  recovered,  though  more  flow- 
ly  than  before.  Some  perfons,  he  fays,  were  relieved  who  had 
been  paralytic  one,  three,  fix,  nine,  and  twelve  years,  and  fome 
longer  ;  but  that  in  one  or  two  of  thefe  cafes,  .the  patients  had 
received  Iefs  relief,  and  more  flowly  than,  was  ufual  ip  recent  cafes. 
In  fome  cafes,  he  fa^s,  a  mofl  unexpected  benefit  had  been  found 
by  thofewho  had  been  paralytic  in  their  tongues,  eyes,  fingers, 
and  other  particular  limbs.  A  paralyfis  and  trembling  of  the 
limbs,  from  whatever,  caufe  it  arofc,  he  fays,  never  failed  to  be 
relieved  by  it ;  and  he  relates  one  inftance  of  a  perfect  cure 

being  performed  in  a  remarkable  cafe  of  this  nature,  after  receiv¬ 
ing  ten  fhocks  *. 

De  Haen’s  cuftom  was  to  apply  the  operation  for  half  an  hour 
together  at  lead.  He  feems  to  have  ufed  gentle  lliocks,  and 
he  joined  to  eleftricity,  the  ufe  of  other  remedies,  which,  however, 
would  not  have  been  effectual  without  it  j* . 

St.  Vitus  s  dance,  he  fays,  never  failed  to  be  cured  by  elec-* 
tricity  J.  He  always  obferved  it  to  promote  a  more  copious  difr. 
charge  of  the  menfes,  and  to  relieve  in  cafes  of  obftruCtion  ;  but, 
for  this  reafon,  he  advifes  that  it  be  not  adminiftered  to  women 
with  child.  He  found  it  of  ufe  in  fome  cafes  of  deafnefs,  but 
it  entirely  failed  in  its  application  to  a  gutta  ferena,  and  to  a 
ftrumous  neckS. 

*  .  ,  •  >  ‘  t  ,  i  •  O  Ik  . 

Lastly,  .he  relates  a  remarkable  cafe,  communicated  to  him 
by  Mr.  Velfe  at  the  Hague,  of  the  cure  of  a  mucous  apoplexy  ||. 

*  Ratio  Medendi,  Vol.  i.  p.  234,  ,99.  f  Ratio  Medendi,  Vol.  i.  p.  233. 
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To  the  cafes  which  have  been  mentioned  occasionally,  in 
which  harm  may  be  apprehended  from  electrification,  may  per¬ 
haps  be  added  the  venereal  difeafe  in  which  Mr.  Veratti  advifes, 
that  electrification  be  by  all  means  avoided  *. 

I  shall  conclude  this  account  of  medical  eleCtricity  writh  ob- 
ferving,  that  there  are  two  general  effeCts  of  eleCtricity  on  the 
human  body,  of  which,  it  fhould  feem,  that  phyficians  might 
greatly  avail  themfelves.  Thefe  are,  that  it  promotes  infenfible 
perfpiration,  and  glandular  fecretion.  The  former  is  effected  by 
Simple  electrification,  and  the  latter  by  taking  fparks  from  the 
glands,  or  the  parts  contiguous  to  them ;  on  which  it  aCts  like  a 
Stimulus.  Of  the  former,  inftances  have  been  produced  in  the  ex¬ 
periments  of  the  Abbe  Nollet,  and  a  few  have  been  given  occasion¬ 
ally  of  the  latter. 

To  thefe  I  Shall  now  add,  that  Linnaeus  obferved,  that  when  elec¬ 
tric  fparks  have  been  drawn  from  the  ear,  it  has  inftantly  pro¬ 
moted  a  more  copious  fecretion  of  ear-wax;  and  that  it  has  alfo 
been  obferved,  that,  when  the  eye,  or  the  parts  about  the  eye, 
have  been  electrified,  the  tears  have  flowed  copioufly.  But  the 
moft  remarkable  cafe  that  I  have  met  with,  is,  of  its  promoting  the 
fecretion  of  that  matter  which  forms  the  hair ;  whereby  hair  has 
been  fi&ually  reftored  to  a  part  that  had  long  been  bald  j\ 

Hitherto  eleCtricity  has  been  generally  applied  to  the  hu¬ 
man  body  either  in  the  method  of  drawing  fparks,  as  it  is  called, 
or  of  giving  Shocks.  But  thefe  operations  are  both  violent,  and 
though  the  Strong  concuffion  may  Suit  Some  cafes,  it  may  be  of 
differvice  in  others,  where  a  moderate  Simple  electrification  might 
have  been  of  Service. 

The  great  objection  to  this  method  is  the  tedioufnefs  and 
expence  of  the  application.  But  an  electrical  machine  might  be 
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contrived  to  go  by  wind  or  water,  and  a  convenient  room  might 
be  annexed  to  it;  in  which  a  floor  might  be  raifed  upon  elec¬ 
trics,  and  a  perfon  might  fit  down,  read,  fieep,  or  even  walk 
about  during  the  eledrification.  It  were  to  be  wifhed,  that  Tome 
phyfician  of  uriderftandirig  and  fpirit  would  provide  himfelf  with 
fiich  a  machine  and  room.  No  harm  could  poflibly  be  apprehend¬ 
ed  from  eledricity,  applied  in  this  gentle  and  infenfible  manner, 
and  good  effeds  are,  at  leaft,  poflible,  if  not  highly  probable. 
It  would  certainly  be  more  for  the  honour  of  the  faculty,  that  the 
pradice  fhould  be  introduced  in  this  manner,  than  that  it  be  left 
to  fome  rich  Valetudinarian,  who  may  take  it  into  his  head,  that 
fuch  an  operation  may  be  of  ferVice  to  him. 
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AVING  diftributed  into  diftintt  fe&ions  all  the  fubje&s, 
under  which  1  had  collected  materials  enow  to  form  a  fe- 


parate  account ;  I  have  referved  for  the  laft  place,  thofe  fmaller 
articles,  which  could  neither  with  propriety  be  introduced  un¬ 
der  the  former  heads,  nor  were  large  enough  to  make  a  fe&ion 
themfelves. 

It  has  been  a  great  controverfy  among  electricians,  whether 
glafs  be  permeable  to  the  eledric  fluid.  Mr.  Wilfon  appeared 
in  favour  of  the  permeability,  and,  in  a  paper  read  at  the  Royal 
Society,  December  the  6th,  1759,  produced  the  following  ex¬ 
periments  to  fupport  his  opinion;  notwithftanding  he,  even  after¬ 
wards,  acknowledged,  in  a  paper  read  at  the  Royal  Society,  No¬ 
vember  the  13th,  1760;  that,  in  the  Leyden  experiment,  Dr. 
Franklin  had  proved  that  the  fluid  did  not  go  through  the  glafs  *. 

He  took  a  very  large  pane  of  glafs,  a  little  warmed  ;  and 
holding  it  upright  by  one  edge,  while  the  oppofite  edge  refted 
upon  wax,  he  rubbed  the  middle  part  of  the  furface  with  his 
finger,  and  found  both  fides  eledrified  plus  f. 
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Upon  this  I  cannot  help  obferving  that  it  ought  to  be  fo  on 
Dr.  Franklin’s  principles.  If  one  fide  be  rubbed  by  the  finger, 
it  acquires  from  the  finger  fome  of  the  eledric  fluid.  This, 
being  fpread  on  the  glafs  as  far  as  the  rubbing  extended,  repels 
an  equal  quantity  of  that  contained  in  the  other  fide  of  the  glafs,. 
and  drives  it  out  on  that  fide,  where  it  ftands  as  an  atmofphere, 
fo  that  both  fides  are  found  plus.  If  the  unrubbed  fide  were  in  * 
contad  with  a  condudor  communicating  with  the  earth,  the  elec¬ 
tric  fluid  would  be  carried  away,  and  then  that  fide  would  be 
left  apparently  in  the  natural  ftate.  If  the  eledric  fluid  found  on* 
the  unrubbed  fide  was  really  part  of  that  which  had  been  com¬ 
municated  by  and  from  the  finger,  and  fo  had  adually  per  meated 4 
the  glafs,  it  might,  when  conduded  away,  be  continually  re¬ 
placed  by  frefh  permeating  fluid  communicated  in  the  fame  man¬ 
ner  :  But  if  the  effed  is  continually  diminifhing,  while  the  fup- 
pofed  caufe,  repeated,  continues  the  fame,  there  feems  reafon 
to  doubt  the  fuppofed  relation  between  that  caufe  and  the 
efied.  For  it  appears  difficult  to  conceive  how  fome  eledric 
fluid,  having  pafled  through  a  permeable  body,  ffiould  make  it 
more  difficult  foi  other  particles  of  the  fame  eledric  fluid  to * 
follow,  till,  at  length,  none  could  pafs  at  all. 

.  Mr.  Wilson  alio  lays,  that,  holding  the  fame  pane  of  glafs  ; 
within  two  feet  of  the  prime  condudor,  which  Was-  elec- 
pi  us-)  that  part  or  the  glafs  which  was  oppofite  to  the  ' 
condudor  became  eledi  med  minus  on  both  fides  j  but,  in  a  few  * 
minutes,  the  minus  electricity  dilappeared,  and  the  plus  continuing, . 

diffufed  itfelf  into  the  place  of  the  other,  fo  that  now  the  whole 
eiedrified  plus.  , 

Tue  experiment,  fo.  far  fuccqe.ding,  incfficed. .him  to  make  life 
of  a  lefs  piece  of  glafs,  that  the  whole  might  be  eiedrified  minus.  - 
Thefe  advances,  he  fays,  led.  him  to  oblerve  the  power  of  elec¬ 
trifying  that  fmall  piece  of  glafs  at  different  difiancesi 
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He:  expo  fed  the  fame  fmall  piece  of  glafs  to  the  prime  conduc¬ 
tor,  at  the  diftance  of  two  feet,  and  observed  a  minus  electricity  at 
.both  fur  faces. 

.As  he  moved  the  glafs  nearer,  to  a  certain  diftance,  it  was 
jnore  fenfibly  electrified  minus  ;  and  after  that,  on  moving  it 
ftill  nearer,  the  minus  appearance  was  lefs  and  lets  ferflible ;  till 
it  came  within  the  diftance  of  about  one  inch,  and  then  it  was 
.electrified  plus  on  both  fides. 

Th 5 s  plus  eleCtrieity  in  the  glafs,  he  found,  might  be  changed 
to  a  minus  again,  by  removing  the  glafs,  and  holding  it  for  a 
time  at  a  greater  diftance;  which  he  thought  to  be  a  proof  of  the 
.r-repulfive  power  of  that  fluid  *. 

Having  by  him  a. pane  of  glafs,  one  fide-of  which  was  rough 
and  the  other  fmooth,  he  rubbed  it  flightly  on  one  fide;  upon 
doing  which,  both  fides  were  electrified  minus * 

On  this  I  muft  alfo  take  the  liberty  to  obferve  that,  as  the 
electric  .fluid  contained  in  glafs  in  its  natural  date,  is  kept  equal 
in  both  fides  by  the  common  .repulfion ;  if  the  quantity  in  one 
fide  is  diminifhed,  the  fluid  in  the  other  fide,  being  lefs  repelled, 
retires  inward,  and  leaves  that  furface  alfo  minus . 

Slight  changes,  plus  or  minus ,  may  be  made  in  either  fur- 
face,  that  have  not  ftrength  to  aCt  on  the  other  fide,  by  repul¬ 
fion,  or  by  abating  repulfion,  through  the  glafs  ;  and  fo  plus  elec¬ 
tricity  may  be  given  to  one  furface,  and  minus  to  the  other  in 
fome  degree.  Both  fides  may  alfo  be  made  plus>  and  both  minus , 
by  rubbing,  or  by  communication,  without  any  necefiity  of  fup- 
pofing  the  glafs  permeable.* 

And  yet  it  is  probable  that  fome  glafs,  from  having  a  greater 
mixture  of  non-eleCtric  matters  in  its  compofition,  may  be  perme- 


9  Phil.  Tranf.  Vol-»  li.  pt.  i,  p.  328. 
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able,  when  cold,  in  Tome  fmall  degree,  as  all  glafs  is  found  to  be 
when  warmed. 

Mr.  Wilson  treated  the  other  fide  of  this  paneof  glafs  in  the- 
fame  manner,  after  which  the  minus  electricity  was  changed  into'-5 
a  plus  on  both  tides. 

Though  Dr.  Franklimwas  ofr opinion,  that  glafs  when  cold  is^ 
not  permeable  to  electricity,  he  had  made  no  experiments  upon? 
it  when  hot;  but  Mr.  Kinnerfley,  a  friend  of  his,  made  one, 
which  feemed  to' prove,  that  it  was  very  differently  affeCted  in' 
this  refpeCt,  in  the  different  flates  of  hot  and  cold.  He  found,  > 
that  a  coated  Florence  fiafk  (made  of  very  thin  glafs,  and  fulF 
of  air  bubbles)  containing  boiling  water,  could  not  be  electrified; 
The  eleCtricity,  he  fays,  paffed'as  readily  through  it  as  through 
metal.  The  charge  of  a  three  pint  bottle  went  freely  through 
it,  without  injuring  the  fiafk:  in  the  leaft.  When  it  became* 
cold,  he  could  charge  it  as  before.  This  effeCt  he  attributed  to 
the  dilatation  of  the  pores  of  glafs  by  heat  *. 

All  Mr.  Wilfon’s  experiments  to  prove  the  permeability  of 
glafs  were  repeated  by  Mr!  Bergman  of  Upfal ;  and,  as  he  fays, 
with  fuccefs  f. 

Mr.  fEpiNus,  however,  was  by  no  means  fatisfied  with  Mr; 
Wilfon’s  experiments  concerning  the  permeability  of  glafs;  and 
yet  he  brings  no  other  faCt  in  anfwer  to  his  arguments,  but  a 
very  common  one,  which  fhows  that  a  glafs  tube  both  receives! 
and  lofes  its  eleCtricity  very  flowly ;  fo  that  he  only  afferts  a  diffi¬ 
culty  ^  and  a  Jlownefs  in  the  eleCtric  fluid  paffing  through  elec¬ 
tric  fubftances,  as  was  mentioned  before ;  and  confequently 
Mr.  Wilfon  feems  to  have  an  advantage  in  the  controverfy  : 
for,  as  he  fays,  paffing  through,  though  ever  fo  flowly,  is  a  real 
paffing  through  J.  • 

*  Phil.  Tranf.  Vol.  liii.  pt.  i,  p.  85.  f  Ibid.  Vol.  iii.  pt.  ii.  p.  485. 
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Mr.  TEpinus  lias  fhown,  by  a  curious  experiment,  that  though 
a  metallic  conductor  and  a  cork  ball  be  both  electrified  pofitively, 

N  *s.  ,  * 

fo  as  to  repel  one  another  ;  yet,  that,  if  the  ball  be  forcibly  brought 
within  two,  three,  or  four  lines  of  the  conductor,  it  will  be  attract¬ 
ed  by  it  ;  and  that  it  will  be  repelled  again,  if  it  he  forcibly  pufh- 
ed  beyond  that  limit  of  attraction.  If  the  ball  be  confined  to 
move  within  the  fame  final  1  diftance,  a  moderate  electrification  of 
the  conductor  will  repel  the  ball  to  its  utmoft  limit;  but  a  ftronger 
electrification  of  the  conductor  will  caufe  it  to  be  attracted.  He, 
'therefore,  limits  the  general  maxim,  that  bodies  poftefting  the 
fame  kind  of  electricity  repel  one  another;  and  afterts,  that  this 
will  be  the  cafe,  only  when  the  quantity  of  eleCtric  fluid  belonging 
to  them  both,  as  one  body,  is  greater  or  lefs  than  that  which  is 
natural  to  them*.  This  experiment  deferves  particular  atten¬ 
tion. 

Sign i or  Beccaria,  who  has  contributed  fo  largely  to  feveral 
former  ieCtions  in  this  period,  furnifhes  a  few  articles  which  well 
deferve  a  place  in  this. 

He  thought  it  was  evident,  that  the  eledric  fluid  tended  to 
move  in  a  right  line,  becaufe  a  longer  fpark  may  be  taken  in  a 
direCt  line,  from  the  end  of  a  long  condudor,  than  can  be  taken 
from  the  fame  place  in  any  other  diredion.  But  he  thought  it  was 
ft  ill  more  evident,  from  obferving,  both  in  the  air,  and  in  vacuo, 
that,  prefenting  the  finger,  or  a  brafs  ball,  at  a  proper  diftance, 
and  in  a  certain  angle  with  the  condudor  (which  experience  will 
Toon  find)  the  eledric  fpark  will  make  an  exad  curve,  to  which 
the  condudor  produced  will  be  a  tangent :  as  if  the  eledric 
matter  was  aded  upon  by  two  different  forces,  one  its  own  ac¬ 
quired  velocity,  urging  it  forward  in  a  right  line;  the  other  the 
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attraction  of  the  body  prefented  to  it,  which  throws  it  out  of  the 
right  line*. 

In  his  obfervations  on  pointed  bodies,  he  fays,  that  two  point¬ 
ed  bodies,  equally  {harp,  in  their  approach  to  an  ele&rified  con¬ 
ductor,  will  appear  luminous  only  at  half  the  diftance  at  which 
one  of  them  would  have  done  f. 

1  he  fame  ingenious  philofopher  reports  a  curious,  but  cruel  ex¬ 
periment  which  he  made  on  a  live  cock.  He  detached  the  belly 
of  one  of  the  mufcles  from  the  thigh  of  the  animal,  leaving  the 
extremities  in  their  proper  infertions,  and  then  difcharging  a 
fhock  through  it.  At  the  inftant  of  the  flroke,  the  leg  was  vio¬ 
lently  diftended,  and  the  mufcle  greatly  inflated ;  the  motion 
beginning  at  the  tendon,  and  the  extenfion  of  it  refembling  the 
opening  of  a  lady’s  fan.'*  No  pricking  with  a  pin  could  make  it 
aCt  fo  ftrongly  J. 

I  must  not  omit  to  mention,  in  this  chapter  of  mifcellaneous 
experiments,  what  the  Dutch  writers  have  reported  concern¬ 
ing  the  gymnotus,  a  filh  peculiar  to  Surinam,  which  very  much 
refembles  what  naturalifls  relate  concerning  the  torpedo.  Mr. 
Mufchenbroeck  fays,  the  gymnotus  is  poflefied  of  a  kind  of  na¬ 
tural  electricity,  but  different  from  the  common  eleflricrty,  in  that 
perfons  who  touch  it  in  water  are  {hocked,  and  {funned  by  it, 

-  *  v  r  * 

fo  as  to  be  in  danger  of  drowning.  The  fifh  has  been  taken, 
and  put  into  a  veil  el ;  when  experiments  were  made  upon  it  at 
leifure;  and  it  was  found,  that  it  might  be  touched  with  all 
fafety  with  a  flick  of  fealing-wax ;  but  if  it  was  touched  with 
the  naked  finger,  or  with  a  piece  of  metal,  and  efpecially  a  gold 
ring,  held  in  the  fingers,  the  arm  was  {flocked  as  high  as  the 
elbow.  If  it  was  touched  with  the  foot,  the  fenfation  reached 
as  high  as  the  knee,  and  the  pain  was  as  great  as  if  the  part 


*  Elettricifmo  artificial?,  p.  56.  |  Ibid.  p.  67 
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had  been  ftruck  with  fomething  hard.  This  kind  of  eledricity 
is  the  fame  by  night  or  by  day,  when  the  wind  is  in  every  direc¬ 
tion,  when  the  fifh  was  put  in  veffels  of  any  materials,  and 
whether  it  was  in  water  or  out  of  water.  Every  part  of  the 
body  of  the  fifb  is  capable  of  giving  this  fhock,  but  more  efpe- 
cially  the  tail.  The  fenfation  is  the  flrongefl  when  the  fifh  is 
in  motion,  and  it  is  tranfmitted  to  a  great  diflance;  fo  that  ifper- 
fons  in  a  fhip  happen  to  dip  their  fingers  or  feet  in  the  fca,  when 
the  fifh  is  fwimming  at  the  diftance  of  fifteen  feet  from  them 
they  are  afreded  by  it.  Other  fifhes,  put  into  the  fame  veffel 
with  it,  prefently  died  ;  but  it  is  itfelf  killed  by  the  lobfter. 
The  gymnotus  is  found  in  the  upper  part  of  the  river  of  Surinam, 
particularly  the  rocky  part  of  it.  It  feeds  upon  all  kinds  of  fifh, 
and  will  even  eat  bread.  This  author  propofes  as  a  query 
whether  the  fenfation  communicated  by  the  torpedo  does  not 
depend  upon  a  fimilar  eledricity  ;  fince  Monfieur  Reaumur  fays, 
that  when  it  is  touched,  the  hand,  arm,  and  fhoulder  are  feized 
with  a  fudden  flupor,  which  lafls  for  fome  time  ;  and  is  unlike 
any  other  fenfation 

This  gymnotus,  I  fuppofe,  is  a  different  fifh  from  the  Anguille 
tremblante ,  the  trembling  eel ,  which  is  alfo  a  native  of  Surinam, 
and  lives  in  marfhy  places,  from  whence  it  cannot  be  drawn, 
except  when  it  is  intoxicated.  It  cannot  be  touched  with  the 
hand,  or  with  a  flick,  without  feeling  a  terrible  flun,  which 
reaches  as  high  as  the  fhoulder.  If  it  be  trod  upon  with  fhoes, 
the  legs  and  thighs  are  affeded  in  a  fimilar  manner.  Fourteen 
perfons  joining  hands,  and  the  firfl  of  them  touching  it  with  a 
flick,  they  were  all  fhocked  violently.  It  is  conjedured  that  this 
power  of  giving  a  fhock  refides  in  two  mufcles,  which  are  particu¬ 
larly  prominent  and  confpicuous  •f'. 


t 


*  Mufchenbroeck’s  Introd.  ad  philofoph.  naturalem,  No.  901 — 909. 
f  P.  Fcrmin’s  Nat.  Hitt,  of  Surinam,  p.  59. 
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It  is  to  be  regretted,  that  none  of  the  perfons  who  have  made 
experiments  on  thefe  fifties  fhould  have  endeavoured  to  afcertain 
whether  they  were  capable  of  exhibiting  the  phenomena  of  at¬ 
traction  and  repulfion,  or  the  appearance  of  eledric  light,  as  ex¬ 
periments  of  this  kind  are  of  principal  confequence,  and  muff  have 
been  very  eafy  to  make. 

Mr.  Hamilton,  profelfor  of  Philofophy  at  the  univerfity  of 
Dublin,  made  a  curious  experiment  with  a  wire,  five  or  fix  inches 
long,  finely  pointed  at  each  end.  To  the  middle  of  this  wire 
he  fitted  a  brafs  cap,  which  refted  on  the  point  of  a  needle 
communicating  with  the  condu&or.  Half  an  inch  at  each  ex¬ 
tremity  of  this  wire  he  bent,  in  oppofite  directions,  perpendi¬ 
cular  to  the  reft  of  the  wire,  and  in  the  plane  of  the  horizon. 
The  confequence  of  electrifying  this  apparatus  was,  that  the 
wire  would  turn  round  with  very  great  velocity ;  moving,  as 
he  fays,  always  in  a  direction  contrary  to  that  in  which  the  elec¬ 
tric  fluid  iflues  from  its  point,  without  having  any  conducing 
fubftance  near  it,  except  the  air.  Ele  alfo  obferves,  that  if  this 
wire  were  made  to  turn  the  contrary  way,  it  would  flop,  and  turn 
as  before  *. 

The  fame  experiment  was  alfo  made  by  Mr.  Kinnerfley  of 
Bofton,  with  this  addition,  that  he  eleClrified  the  wire  negatively ; 
and  obferved,  to  his  great  furprize,  that  it  ftill  turned  the  fame 
way.  This  lie  endeavoured  to  account  for  by  fuppofmg  that,  in 
the  former  cafe,  the  points,  having  more  eleftricity  than  the  air, 
were  attraCled  by  it ;  in  the  latter  cafe,  the  air,  having  more  than 
the  points,  was  attracted  by  them  *j\ 

It  may,  by  fome,  be  thought  that  this  pointed  wire  turning 
the  fame  way,  whether  it  be  eleCt  rifled  negatively  or  pofitively, 
is  a  proof  that  the  eledric  fluid  iflues  out  at  the  points  in  both 

*  Phil.  Tranf.  Vol.  li.  pt.  ii.  p.  905.  f  Ibid.  Vol.  liii.  pt.  i.  p.  86. 
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cafes  alike,  and  by  the  reaction  of  the  air  is,  together  with  the 
points,  driven  backwards  ;  contrary  to  what  ought  to  have  been 
the  cafe  if  the  electric  fluid  had  really  ilfued  out  of  the  point  in 
one  cafe,  and  entered  it  in  the  other.  But  it  will  be  found  by 
experiment,  that  an  eolipile,  with  its  ftem  bent  like  the  wire 
above  mentioned,  and  fufpended  on  its  center  of  gravity  by  a  fine 
thread,  will  move  iff  the  fame  direction,  whether  it  be  throwing 
fleam  out  at  the  orifice ;  or,  after  it  is  exhaufted,  and  cooling,  it 
be  drawing  the  air  of  water  in. 

With  refpeCt  to  the  power  of  points,  it  has  been  obferved  by 
Mr.  Villette  of  Liege,  that  a  needle,  concealed  in  a  glafs  tube, 
which  projected  an  inch  beyond  it,  takes  a  fironger  fpark  from  a 
prime  conductor  than  a  man’s  finger ;  alfo  that  when  the  points 
of  needles  are  covered  with  tallow,  bees-wax,  fulphur,  &c.  they 
take  peculiarly  ftrong  fparks.  He  adds,  that,  when  fulphur  is 
ufed,  and  the  fparks  are  taken  obliquely,  they  are  fometimes  of  a 
beautiful  citron  colour  *. 

Mr.  Lullin  has  made  an  additional  obfervation  to  Monfieur  du 
Fay’s,  concerning  the  different  manner  in  which  conducting  and 
non-conduCting  fubftances  are  affeCted,  when  they  are  expofed  to 
the  dew.  He  fays,  that  if  a  plate  of  glafs  be  extended  upon 
filken  threads,  and  expofed  to  the  open  air  all  night,  and  a  plate 
of  metal,  lefs  than  the  glafs,  be  laid  upon  it,  in  the  morning,  the 
metal  will  be  dry,  and  likewife  the  glafs,  on  both  fides,  exactly 
under  the  metal ;  but  that  the  edges  of  the  glafs,  where  the  metal 
did  not  reach,  will  be  wet  on  both  fides  f. 

I  shall  clofe  this  fe&ion  of  mifcellaneous  articles,  and  the 
whole  hiftory  of  electricity,  with  a  fuccin  ,;t  account  of  foine  of 
the  chief  particulars  in  which  the  analogy  between  electricity  and 
magnetifm  confifts;  very  nearly  as  it  was  drawn  up,  in  an  abridg- 

*  Nollet’s  Letters,  Vol.  iii.  p.  212.  i  -}■  Ibid.  p.  54. 
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meat  of  Mr.  dipinus,  and  communicated  to  me  for  this  purpofe 
by  Dr.  Price. 

1.  As  a  rod  of  iron  held  near  a  magnet  will  have  feveral  fuc- 
celfive  poles  ;  fo  will  a  glafs  tube  touched  by  an  excited  tube  have 
a  fucceffion  of  politive  and  negative  parts. 

2.  Bodies  pofitively  and  negatively  eledrical,  when  in  contact, 
will  unite  to  one  another  ;  as  will  magnets,  when  they  are  laid 
with  their  oppoiite  poles  to  one  another. 

3.  Glass  is  a  fubftance  of  a  nature  fimilar  to  hardened  fteel. 
The  politive  and  negative  fides  of  the  former  anfwer  to  the  attract¬ 
ing  and  repelling  ends  of  the  latter,  when  magnetical. 

4.  As  it  is  difficult  to  move  the  eledric  fluid  in  the  pores  of 
the  former;  fo,  likewile,  it  is  difficult  to  move  the  magnetic  fluid 
in  the  pores  of  the  latter. 

5.  As  there  can  be  no  condenfation  of  the  electric  fluid  in  the 
former,  without  a  rarefadion  ;  fo,  in  the  latter,  if  there  be  a  con¬ 
denfation,  or  pofitive  magnetifm  in  one  end  of  a  bar,  there  muft 
be  an  evacuation,  or  negative  magnetifm  in  the  other  end. 

6.  Steel  correfponds  to  eledrics  per  fe,  and  iron  in  fome 
meafure,  to  condudors  of  eledricity. 

7.  Steel  is  lefs  fufceptible  of  the  magnetic  virtue,  but  when 
it  has  acquired  it,  it  retains  it  more  ftrongly  than  iron ;  juft  as 
eledrics  per  fe  will  not  fo  eaflly  receive  theeledric  fluid,  but,  when 
it  is  forced  into  them,  will  retain  it  more  ftrongly  than  condudors. 

8.  Mr.  ./Epinus  adds,  and  reckons  it  one  of  his  difeoveries, 
that  an  eledrified  body  does  not  ad  on  other  bodies,  except  they 
are  themfelves  eledrified ;  juft  as  a  magnet  will  not  ad  on  any 
other  fubftances,  except  they  are  themfelves  pofiefled  of  the  mag¬ 
netic  virtue.  So  that  an  eledrified  body  attrads  and  repels  another 
body,  only  in  confequence  of  rendering  it  firft  of  all  eledrical; 
as  a  magnet  attrads  iron,  only  in  confequence  of,  firft  of  all, 
making  it  a  magnet. 

9.  Mr* 
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9.  Mr.  C  ANTON  has  alfo  found,  that  if  the  tourmalin  be  cut 
into  feveral  pieces,  each  piece  will  have  a  pontive  and  negative 
fide,  juft  as  the  pieces  of  a  broken  magnet  would  have. 

Thus  far,  fays  Dr'.  Price,  there  is  an  analogy,  and,  in  fome 
inftances,  a  ftriking  one,  between  magnetifm  and  electricity,  upon  - 
the  fuppofition  that  the  caufe  of  magnetifm  is  a  fluid.  But  there 
is  no  magnetic  fubftance  which  anfwers  perfectly  to  the  conduc¬ 
tors  of  electricity.  There  is  no  afflux  or  efflux  of  the  magnetical 
fluid  ever  vifible.  The  equilibrium  in  a  magnet  cannot  be  in- 
ftantaneoufly  reftored,  by  forming  a  communication  between  the 
oppoflte  ends  with  iron,  as  it  may  in  charged  glafs.  Nor  are 
there  any  fubftances  pofitively  or  negatively  magnetical  only, 
as  there  are  bodies  which  are  pofitively  or  negatively  elec* 
trical  only. 
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A 

SERIES  of  PROPOSITIONS. 

I 

COMPRISING  ALL  THE 

GENERAL  PROPERTIES  of  ELECTRICITY. 


AFTER  tracing,  at  large,  the  progrefs  of  all  the  difcove- 
ries  relating  to  electricity,  and  giving  an  hiftorical  ac¬ 
count  of  them,  in  the  order  in  which  they  were  made ; 
it  will,  probably,  be  no  difagreeable  repetition,  if  I  give,  at  the 
clofe  of  it,  a  series  of  propositions,  comprifing  all  the  gene¬ 
ral  properties  of  electricity,  drawn  up  in  as  fuccinCt  a  manner  as 
poffible.  And,  ndtwithftanding  the  large  detail  which  has  been 
made,  it  will  be  found,  that  a  few  propofitions  are  fufficient  to 
comprife  almoft  all  that  we  know  of  the  fubjeCh 
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This  circumftance  may  be  regarded  as  a  demonflration  of  the 
real  progrefs  that  has  been  made  in  this  fcience  And  as  this 
progrefs  advances,  and  the  hiftory  enlarges,  paradoxical  as  the 
affertion  may  feem,  this  part  may  be  expected  to  contract  itfelf 
in  the  fame  proportion.  For  the  more  we  know  of  any  fcience, 
the  greater  number  of  particular  proportions,  are  we  able  to  re- 
folve  into  general  ones ;  and,  confequently,  within  narrower 
bounds  fhall  we  be  able  to  reduce  its  principles. 

I  might  have  made  this  part  of  my  work  much  fhorter,  even 
in  the  prefent  ftate  of  the  fcience,  if  I  would  have  admitted  into 
it  any  thing  theoretical;  but  I  have  carefully  avoided  the  prin¬ 
ciples  of  any  theory,  even  the  moll  probable,  and  the  neareft  to 
being  perfectly  afeertained,  in  this  feries  of  proportions ;  in 
which  I  propofe  to  comprehend  o  known  faffs ;  that  my  younger 
readers  may  carefully  diftinguifh  between  faft  and  theory ;  things 
which  are  too  often  confounded. 

I  have  not,  in  this  part  of  my  work,  defeended  to  any  minu - 
tia*  in  the  defeription  of  electrical  appearances,  becaufe  they 
have  been  entered  into  before,  and  a  repetition  of  them  would 
have  been  tedious.  At  the  fame  time,  I  think  it  will  be  found, 
upon  examination,  that  I  have  not  omitted  to  take  notice  of  any 
difeovery  of  importance.  I  have  alfo  introduced  into  it  the  de¬ 
finition  of  all  the  mod  neceflary  technical  terms ;  that  this  part 
of  the  work  might  ferve  as  a  methodical  introduction,  to  thofe 
who  are  beginning  the  ftudy  of  electricity,  and  defire  a  general 
knowledge  of  the  firft  elements  of  the  fcience,  before  they  enter 
upon  the  detail  of  particulars,  which  will  be  heft  learned  after* 
wards,  from  the  hiftory  *.  • 

'  *  !  y\.  ’  ;  ;  r  ,  .  T 

*  Left  this  part  of  the  work  fhould  not  prove  a  fufTicient  introduction  to  the  Jiudy  of 
electricity ,  I  have  fince  published  a  fmall  piece  with  this  title.  It  contains  a  more 
familiar  explication  of  the  fundamental  principles  of  electricity,  mixing  theory  with  fa£U> 
and  illuftrating,  chiefly,  thofe  experiments  which  are  the  meft  entertaining. 
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By  electricity,  in  the  following  propofitions,  I  would  he  under- 
Pood  to  mean,  only  thofe  effects  which  will  be  called  eleCtrical  ; 
01  elfe  the  unknoivn  caiife  of  thofe  effects,  ufing  the  term,  as  we 
ufe  the  letters  x  and  y  in  Algebra. 

All  known  fubftances  are  diftributed  by  electricians  into  two 
forts.  Thofe  of  one  fort  are  termed  eleCtrics,  or  non-conduCt ors 
and  thofe  of  the  other  non-eleClrics ,  or  conductors  of  electricity. 

Metals  of  all  kinds,  together  with  femi-metals  and  water, 
are  conductors.  So  alfo  is  charcoal,  and  other  fubftances  of  a 
ftmilar  nature,  as  will  be  fhewn  at  large  in  the  laft  part  of  this 
work.  All  other  fubftances,  whether  mineral,  vegetable,  or  ani¬ 
mal,  are  non-conduCtors.  But  many  of  thefe  when  they  are 
made  very  hot,  as  glafs,  rofin,  baked  wood,  and,  perhaps,  all 

the  reft  on  which  the  experiment  can  be  made  in  this  ftate,  are 
conductors  of  electricity. 

All  bodies,  however,  though  in  the  fame  ftate  of  heat  and 
cold,  are  not  equally  perfect  eleCtrics,  or  perfect  conductors. 
Vegetable  and  animal  fubftances,  for  inftance,  in  their  natural 
ftate,  are  feldom  perfect  eleCtrics,  on  account  of  the  moifture 
that  is  contained  in  them.  And,  independent  of  moifture, 
there  is  probably  a  gradation  in  all  fubftances,  from  the  moft  per¬ 
fect  conductors  to  the  moft  perfeCt  non-conduCtors  of  electricity. 

It  is  the  property  of  all  kinds  of  eleCtrics,  that  when  they  are 
rubbed  by  bodies  differing  from  themfelves  (in  roughnefs  or 
fmoothnefs  chiefly)  to  attraCl  light  bodies  of  all  kinds  which 
are  prefented  to  them ;  to  exhibit  an  appearance  of  light  (which 
is  very  viflble  in  the  dark)  attended  with  a  fnapping  noife,  up¬ 
on  the  approach  of  any  conductor  ;  and,  if  the  noftrils  be  prefent¬ 
ed,  they  are  affeCted  with  a  fmell  like  that  of  phofphorus. 

An  eleCtric  fubftance  exhibiting  thefe  appearances,  is  faid  to 
be  excited ,  and  fome  of  them,  particularly  the  tourmalin,  are  ex¬ 
cited  by  heating  and  cooling,  as.  well  as  by  rubbing. 
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It  is  neceflary,  however,  to  a  confiderable  excitation  of  any 
electric,  that  the  fubftance  againft  which  it  is  rubbed  (ufually 
called  the  rubber)  have  a  communication  with  the  earth,  or 
bodies  abounding  with  eledricity,  by  means  of  conductors ;  for 
if  the  rubber  be  infulated,  that  is,  if  it  be  cut  off  from  all  com¬ 
munication  with  the  earth  by  means  of  elearics,  the  friaion 
has  but  little  effed. 

When  infulated  bodies  have  been  attraded  by,  and  brought 
into  contad  with  any  excited  eledric,  they  begin  to  be  repell¬ 
ed  by  it,  and  alfo  to  repel  one  another :  nor  will  they  be  at- 
traded  again,  till  they  have  been  in  contad  with  fome  condudor 
communicating  with  the  earth ;  but,  after  this,  they  will  be  at- 
traded  as  at  firft. 

If  condudors  be  infulated,  eledric  powers  may  be  communi¬ 
cated  to  them  by  the  approach  of  excited  eledrics.  They  will 
then  attrad  light  bodies,  and  give  fparks,  attended  with  a  flap¬ 
ping  noile,  like  the  eledrics  themfelves.  But  there  is  this  dif¬ 
ference  between  excited  and  communicated  electricity,  that  a 
condudor  to  which  eledricity  has  been  communicated  parts  with 
its  whole  power  at  once,  on  the  contad  of  a  condudor  com¬ 
municating  with  the  earth  ;  whereas  an  excited  eledric,  in  the 
fame  circumftances,  lofes  its  eledricity  only  partially ;  it  being 
difcharged  only  from  the  part  which  was  adually  touched  by 
the  condudor,  or  thofe  in  the  neighbourhood  of  it;  fo  that  the 
fpark  of  eledric  fire  is  not  fo  denfe,  nor  the  explofion  made  by 
parting  with  it  fo  loud,  from  excited  as  from  communicated 

eledricity. 

Electric  fubftances  brought  into  contad  with  excited  elec¬ 
trics,  will  not  deftroy  their  eledricity ;  whence  it  is  that  they 
are  called  non-condudors,  becaufe  they  will  not  convey  or  con- 
duff  away  whatever  is  the  caufe  of  eledric  appearances  in 

bodies. 
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When  eledricity  is  ftrongly  communicated  to  infulated  animal 
bodies,  the  pulfe  is  quickened,  and  perfpiration  increafed ;  and, 
if  they  receive,  or  part  with  their  eledricity  on  a  fudden,  a  painful 
fenfation  is  felt  at  the  place  of  communication. 

The  growth  of  vegetables  is  quickened  by  eledricity. 

No  eledric  can  be  excited  without  producing  eledric  appear¬ 
ances  in  the  body  with  which  it  is  excited,  provided  that  body  be 
infulated.  For  this  infulated  rubber  will  attrad  light  bodies,  give 
fparks,  and  make  a  flapping  noife  upon  the  approach  of  a  con- 

dudor,  as  well  as  the  excited  eledric. 

If  an  infulated  condudor  be  pointed,  or  if  a  pointed  condudor 
communicating  with  the  earth  be  held  pretty  near  it,  little  or  no 
eledric  appearance  will  be  exhibited;  only  a  light  will  appear  at 
each  of  the  points,  during  the  ad  of  excitation,  and  a  current  of 
air  will  be  fenfible  from  off  them  both. 

These  two  eledricities,  viz.  that  of  the  eledric  itfelf,  and  that 
of  the  rubber,  though  fimilar  to,  are  the  reverfe  of  one  another. 
A  body  attraded  by  the  one  will  be  repelled  by  the  other,  and 
they  will  attrad,  and  in  all  refpeds  ad  upon  one  another  more 
fenfibly  than  upon  other  bodies ;  fo  that  two  pieces  of  glafs  or 
filk,  poffeffed  of  contrary  eledricities,  will  cohere  firmly  together, 
and  require  a  confiderable  force  to  feparate  them. 

These  two  eledricities,  having  been  firfl  difcovered  by  pro¬ 
ducing  one  of  them  from  glafs,  and  the  othei  from  ambei, 
fealing-wax,  fulphur,  rofin,  &c.  firft  obtained  the  names  of 
vitreous  and  refinous  eledricity ;  and  it  being  afterwards  imagined 
that  one  of  them  was  a  redundancy,  and  the  other  a  deficiency 
of  a  fuppofed  eledric  fluid,  the  former  (viz.  that  which  is  pro¬ 
duced  from  the  fridion  of  fmooth  glafs  tubes  or  globes  by  the 
human  hand,  or  a  common  leathern  rubber)  obtained  the  name  of 
pofitive ;  and  the  latter  (viz.  that  which  is  produced  from  the 
fridion  of  flicks  or  globes  of ‘fulphur,  &c.  or  colleded  fiom 
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the  rubber  of  a  glafs  globe  above  mentioned)  that  of  negative 
eledricity  :  and  thefe  terms  are  now  principally  in  ufe. 

If  a  conductor,  not  infulated,  be  brought  within  the  atmo- 
Sphere ,  that  is,  the  fphere  of  adion,  of  any  eledrified  body,  it 
acquires  the  eledricity  oppolite  to  that  of  the  eledrified  body; 
and  the  nearer  it  is  brought,  the  flronger  oppofite  eledricity  doth 
it  acquire,  till  the  one  receive  a  fpark  from  the  other,  and  then 
the  eledricity  of  both  will  be  difeharged. 

The  eledric  fubflance  which  feparates  the  two  condudors, 
pofleffing  thefe  two  oppofite  kinds  of  eledricity.  is  faid  to  be 
caarged.  Plates  of  glafs  are  the  moll  convenient  for  this  purpofe, 
and  the  thinner  the  plate,  the  greater  charge  it  is  capable  of  hold¬ 
ing.  The  conQudors  contiguous  to  each  fide  of  the  glafs  are 
called  their  coating.  , 

Agreeable  to  the  above-mentioned  general  principle,  it  is 
necefiary,  that  one  fide  of  the  charged  glafs  have  a  communi- 
cation  with  the  rubber,  while  the  other  receives  the  eledricity 
from  the  condudor,  or  with  the  condudor,  while  the  other  re¬ 
ceives  from  the  rubber. 

It  follows  alfo,  that  the  two  fides  of  the  plate  thus  charged 
are  always  polfelled  of  the  two  oppofite  eledricities  ;  that  fide 
which  communicates  with  the  excited  eledric  having  the  eledri¬ 
city  of  the  eledric,  and  that  which  communicates  with  the  rub¬ 
ber,  that  of  the  rubber. 

There  is,  confequently,  a  every  eager  attradion  between  thefe 
two  eledricities  with  which  the  different  fides  of  the  plate 
are  charged  ;  and,  when  a  proper  communication  is  made  by 
means  of  condudors,  a  flafh  of  eledric  light,  attended  writh  a 
report  (which  is  greater  or  lefs  in  proportion  to  the  quantity  of 
eledricity  communicated  to  them,  and  the  goodnefs  of  the 
condudors)  is  perceived  between  them,  and  the  eledricity  of 
both  fides  is  thereby  difeharged. 
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The  fubftance  of  the  glafs  itfelf,  in  or  upon  which  thefe  elec¬ 
tricities  exift,  is  impervious  to  electricity,  and  does  not  permit 
them  to  unite ;  but  if  they  be  very  ftrong,  and  the  plate  of  glafs 
very  thin,  they  will  force  a  paffage  through  the  glafs.  This, 
however,  always  breaks  the  glafs,  and  renders  it  incapable  of  an¬ 
other  charge. 

The  flafh  of  light,  together  with  the  explofion  between  the 
two  oppofite  lides  of  a  charged  eleCtric,  is  generally  called  the 
eleSiric  JJjock,  on  account  of  the  difagreeable  fenfation  it  gives  any 
animal,  whofe  body  is  made  ufe  of  to  form  the  communication 
between  them. 

This  eleCtric  fhock  is  always  found  to  perform  the  circuit  from 
one  fide  of  the  charged  glafs  to  the  other  by  the  fhorteft  paffage, 
through  the  beft  conductors.  Common  communicated  electricity 
alfo  obferves  the  fame  rule,  in  its  tranfmiffion  from  one  body  to 
another. 

It  has  not  been  found  that  the  eleCtric  fhock,  takes  up 
the  lead  fenfible  fpace  of  time  in  being  tranfmitted  to  the 
greateft  diftances. 

The  eleCtric  fhock,  as  alfo  the  common  eleCtric  fpark,  dis¬ 
places  the  air  through  which  it  paffes ;  and  if  its  paffage  from 
conductor  to  conductor  be  interrupted  by  non-conduCtors  of  a 
moderate  thicknefs,  it  will  rend  and  tear  them  in  its  paffage  ; 

and  in  fuch  a  manner  as  to  exhibit  the  appearance  of  a  fudden 

expanfion  of  the  air  about  the  center  of  the  fhock. 

If  an  eleCtric  fhock,  or  ftrong  fpark,  be  made  to  pafs  through, 

or  over  the  belly  of  a  mufcle,  it  forces  it  to  contract  as  in  a 
convuliion. 

If  a  ftrong  Ihock  be  lent  through  a  fmall  animal  body,  it 
will  often  deprive  it  inftantly  of  life. 

When  the  eledric  fhock  is  very  ftrong,  it  will  give  polarity 
to  magnetic  needles,  and  fometimes  it  reverfes  their  poles. 
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Great  fhocks,  by  which  animals  are  killed,  are  Paid  to  halten 
putrefadion. 

Electricity  and  lightning  are,  in  all  refpeds,  the  fame  thing. 
Every  effed  of  lightning  may  be  imitated  by  eledricity,  and 
every  experiment  in  eledricity  may  be  made  with  lightning, 
brought  down  from  the  clouds,  by  means  of  infulated  pointed 
rods  of  metal, 
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THEORIES  of  ELECTRICITY. 


SECTION  I. 


Of  philosophical  theories  in  general,  and  the  theo- 

RIES  OF  ELECTRICITY  PRECEDING  THAT  OF  DR. 

FRANKLIN. 


ON  E  of  the  moll  intimate  of  all  aflbciations  in  the  human 
mind  is  that  of  caufe  and  effect.  They  fuggeft  one  an¬ 
other  with  the  utmoft  readinefs  upon  all  occafions ;  fo  that  it  is 
almoft  impoflible  to  contemplate  the  one,  without  having  fome 
idea  of,  or  forming  fome  conjecture  about  the  other.  In  viewing 
the  works  of  nature,  we  neceffarily  become  firft  acquainted  with 
appearances  or  effeCts.  We  naturally  attend  to  the  circumflances 
in  which  fuch  appearances  always  arife,  and  cannot  help  confider- 
ing  them  as  the  caufes  of  thofe  appearances.  Then,  confider- 
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ing  thefe  circumftances  themfelves  as  new  appearances,  we  are 
defirous  of  tracing  out  other  circumftances  that  gave  birth  to 
them.  Thus,  conftantly  afcending  in  this  chain  of  caufes  and 
effeds,  we  are  led,  at  laft,  to  the  firft  caufe  of  all :  and  then 
we  confider  all  fecondary  and  inferior  caufes,  as  nothing 
more  than  the  various  methods  in  which  the  fupreme  caufe 
ails,  in  order  to  bring  about  his  great  defigns. 

In  all  fcience,  we  firfl:  afcend  from  particular  to  general.  For 
nature  exhibits  nothing  but  particulars  ;  and  all  general  propofi- 
tions,  as  well  as  general  terms,  are  artificial  things,  being  con¬ 
trived  for  the  eafe  of  our  conception  and  memory;  in  order  to 
comprehend  things  clearly,  and  to  comprife  as  much  knowledge 
as  poflible  in  the  fmalleft  compafs.  It  is  no  wonder  then  that 
we  take  pleafure  in  this  procefs.  Befides,  we  adually  fee  in  na¬ 
ture  a  vaft  variety  of  effeds  proceeding  from  the  fame  general 
principles,  operating  in  different  circumftances ;  fo  that  judging 
from  appearances,  that  nature  is  every  where  uniform  with  itfelf, 
we  are  led,  by  analogy,  to  exped  the  fame  in  all  cafes,  arid 
think  it  an  argument  in  favour  of  any  fyftem,  if  it  exhibits  a 
variety  of  effeds  fpringing  from  a  few  caufes.  For  fuch  va¬ 
riety  in  effeds,  and  fuch  fimplicity  in  caufes,  we  generally  fee  in 
nature. 

Having  difcovered  the  caufe  of  any  appearance,  it  is  the 
bufinefs  of  philofophy  to  trace  it  in  all  its  effeds,  and  to  pre¬ 
dict  other  fimilar  appearances  from  fimilar  previous  fituations 
of  things.  By  this  means,  the  true  philofopher,  knowing  what 
will  be  the  reiult  of  putting  every  thing,  which  the  prefent 
fyftem  exhibits,  into  every  variety  of  circumftances,  is  mafter  of 
all  the  powers  of  nature,  and  can  apply  them  to  all  the  ufeful 
purpofes  of  life.  Thus  does  knowledge^  as  Lord  Bacon  obferves 
become  power ;  and  thus  is  the  philofopher  capable  of  providing,’ 
in  a  more  effectual  manner,  both  for  his  own  happinefs  and  for 
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that  of  others  ;  and  thereby  of  approving  himfelf  a  good  citizen, 
and  an  ufeful  member  of  fociety. 

It  is  obvious,  from  this  general  view  of  the  bufinefs  of  philo- 
fophy,  that,  in  order  to  trace  thofe  circumflances  in  which  any 
appearance  in  nature  is  certainly  and  invariably  produced,  it  is 
chiefly  ufeful  to  obferve  what  there  is  in  common  in  the  cir- 
cumftances  attending  fimilar  appearances  :  for  on  thofe  common 
circumflances,  all  that  is  common  in  the  appearances  muff  de¬ 
pend.  And  the  eafieft  poffible  method,  by  which  we  can  trace 
out  the  connection  of  caufes  and  effects  in  nature,  is  to  begin 
Vvith  comparing  thofe  appearances  which  are  mofl  fimilar,  where 
the  difference  confifts  in  a  fingle  circumftance ;  the  whole  effect 
of  which,  in  different  appearances,  is  thereby  perfectly  known. 
And  when  we  have,  by  this  means,  noted  the  whole  effeft  of 
all  the  feparate  circumflances  and  fituations  of  things,  we  can 
eafily  judge  of  their  effeft  in  all  poffible  combinations. 

Hence  analogy  is  our  beft  guide  in  all  philofophical  inveftiga- 
tions ;  and  all  difeoveries,  which  were  not  made  by  mere  acci¬ 
dent,  have  been  made  by  the  help  of  it.  We  obferve  a  complex 
appearance,  attended  with  a  proportionable  variety  of  circum- 
ftances  and  filiations.  We  alfo  fee  another  appearance,  in 
fome  refpefls  fimilar,  in  others  diffimilar;  the  circumflances  be- 
ing,  likewife,  fimilar  and  diffimilar  in  the  fame  proportion;  or 
we  purpofely  vary  the  circumflances  of  the  former  appearance, 
and  obferve  what  difference  it  occafions.  But,  unlefs  there  be 
a  very  great  analogy,  or  fimilarity,  between  them,  fo  that  the  in¬ 
fluence  of  a  fingle  circumftance,  or  of  a  few  circumflances,  can 
be  traced  feparately,  no  probable  judgmept  can  be  formed  of 
their  real  operation. 

But  in  all  this  procefs,  a  man  who  afls  from  defign,  and 
not  abfolutely  at  random,  would  never  think  of  trying  the  in¬ 
fluence  of  any  circumftance  in  an  appearance,  unlefs,  from 
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fome  other  analogies  in  nature,  more  or  lefs  perfect,  he  had 
formed  fome  idea  what  its  influence  would  probably  be ;  at 
lead;,  he  mud,  from  analogies  in  nature  previoufly  obferved,  have 
formed  an  idea  of  feveral  podible  confequence's,  and  try  which 
of  them  will  really  follow.  That  is,  in  other  words,  every  ex¬ 
periment,  in  which  there  is  any  defign,  is  made  to  afccrtain  fome 
hypothecs.  For  an  hypothefis  is  nothing  more  than  a  preconceiv¬ 
ed  idea  of  an  event,  as  fuppofed  to  arife  from  certain  circum- 
dances,  which  mud  have  been  imagined  to  have  produced  the 
fame,  or  a  fimilar  effed,  upon  other  occadons.  An  hypothefis 
abfolutcly  verified  ceafes  to  be  termed  fuch,  and  is  confidered  as 
a  faff;  though,  when  it  has  long  been  in  an  hypothetical  date, 
it  may  continue  to  be  called,  occalionally,  by  the  fame  name. 

The  only  danger  in  the  ufe  of  hypothecs  arifes  from  mak¬ 
ing  this  tranfition  too  foon.  And  when  an  hypothefis  is  no 
longer  confidered  as  a  mere  probable  fuppofition,  but  a  real 
fad ;  a  philofopher  not  only  acquiefces  in  it,  and  thereby  midakes 
the  caufe  of  one  particular  appearance ;  but,  by  its  analogies,  he 
midakes  the  caufe*  of  other  appearances  too,  and  is  led  into  a 
whole  fydem  of  error.  A  philofopher  who  has  been  long  attach¬ 
ed  to  a  favourite  hypothefis,  and  efpccially  if  he  have  didinguidi- 
ed  himfelf  by  his  ingenuity  in  difcovering  or  purfuing  it,  will 
not,  fometimes,  be  convinced  of  its  fallity  by  the  plained  evi¬ 
dence  of  fad.  Thus  both  himfelf,  and  all  his  followers,  are 
put  upon  falfe  purfuits,  and  feem  determinedto  warp  the  whole 
courfe  of  nature,  to  fuit  their  manner  of  conceiving  of  its  opera¬ 
tions. 

But,  provided  philofophers  can  be  upon  their  guard  againd 
this  fpecies  of  vanity  (which  mud  be  owned  to  be  very  tempt¬ 
ing)  and  againd  the  obdinacy  which  is  the  confequence  of  it ; 
hypothefes,  and  even  a  great  variety  of  them,  are  certainly  very 
promifing  circumdances  to  philofophical  difcoveries.  Hypothefes, 
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while  they  are  confiderecl  merely  as  fuch,  lead  perfons  to  try  a 
variety  of  experiments,  in  order  to  afcertain  them.  I11  thefe 
experiments,  new  fadts  generally  arife.  Thefe  new  fadls  ferve  to 
correct  the  hypothecs  which  gave  occalion  to  them.  The  theory, 
thus  corredted,  ferves  to  difcover  more  new  fads ,  which,  as  be¬ 
fore,  bring  the  theory  hill  nearer  to  the  truth.  In  this  progreffive 
Hate,  or  method  of  approximation,  things  continue  ;  till,  by  de¬ 
grees,  we  may  hope  that  we  fhall  have  discovered  all  the  fadts, 
and  have  formed  a  perfect  theory  of  them..  By  this  perfect 
theory,  I  mean  a  fyftem  of  propositions,  accurately  defining  all 
the  circumftances  of  every  appearance,  the  Separate  effect  of  each 
circumhance,  and  the  manner  of  its  operation. 

I  have  dwelt  fo  long  upon  this  fubjedt,  becaufe  I  appre¬ 
hend,  that  eledtricians  have  generally  been  too  much  attached  to 
their  Several  theories,  So  as  to  have  retarded  the  progrefs  of  real 
discoveries.  Indeed,  no  other  part  of  the  whole  compaSs  of 
philofophy  affords  fo  fine  a  Scene  for  ingenious  Speculation.  Here 
the  imagination  may  have  full  play,  in  conceiving  of  the  man¬ 
ner  in  which  an  invifible  agent  produces'  an  almofl  infinite 
variety  of  vifible  effedts.  As  the  agent  is  invifible,  every  phi- 
lofopher  is  at  liberty  to  make  it  whatever  he  pleafes,  and  afcribe 
to  it  Such  properties  and  powers  as  are  moil  convenient  for  his 
purpoTe.  And,  indeed,  if  he  can  frame  his  theory  So  as  really 
to  Suit  all  the  fadls,  it  has  all  the  evidence  of  truth  that  the  na¬ 
ture  of  things  can  admit. 

With  the  hr  ft  eledtricians,  eledtrical  attraction  was  performed 
by  means  of  unfiuous  effluvia  emitted  by  the  excited  eledtric. 
Thefe  were  fuppofed  to  fallen  upon  all  bodies  in  their  way, 
and  to  carry  back  with  them  all  that  were  not  .too  heavy.  For, 
in  that  age  of  philofophy,  all  effluvia  were  fuppofed  to  return  to 
the  bodies  from  which  they  were  emitted ;  fince  no  perfon 
could,  otherwife,  account  for  the  fubftance  not  being  fenfibly 
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walled  by  the  conftant  emiffion.  When  thefe  light  bodies,  on 
which  the  unduous  effluvia  had  fallened,  were  arrived  at  the 
excited  eledric,  a  frelh  emiffion  of  the  effluvia  was  fuppofed  to 
carry  them  back  again.  But  this  effed  of  the  effluvia  was 
not  thought  of,  till  eledrical  repulfion  had  been  fufficiently  ob- 
ferved . 

When  the  Newtonian  philofophy  had  made  fome  progrefs, 
and  the  extreme  fubtilty  of  light,  and  other  effluvia  of  bodies,  was 
demonllrated ;  fo  that  philofophers  were  under  no  apprehenfion 
of  bodies  being  walled  by  continual  emiffion,  the  dodrine  of 
the  return  of  the  effluvia  was  univerfally  given  up  as  no  longer 
neceiTary,  and  they  were  obliged  to  acquiefce  in  the  unknown 
principles  of  attradion  and  repulfion,  as  fuppofed  to  be  pro¬ 
perties  of  certain  bodies,  communicated  to  them  by  the  Divine 
Being,  the  mechanical  caufe  of  which  they  fcarce  attempted  to 
explain. 

When  Mr.  Du  Fay  difcovered  the  two  oppofite  fpecies  of  elec¬ 
tricity,  which  he  termed  the  vitreous  and  refinous  eledricity,  he 
neceffarily  formed  the  idea  of  two  diflinci  eledlric  fluids ,  repul- 
live  with  refped  to  themfelves,  and  attradive  of  one  another. 
But  he  had  no  idea  of  both  fpecies  being  adually  concerned  in 
every  eledrical  operation,  and  that  glafs  or  rofin  alone  always 
produced  them  both.  This  theory,  therefore,  was  as  fimplein  its 
application  as  the  other. 

While  nothing  more  was  known  of  eledricity  but  attradion 
and  repullion,  this  general  theory  was  fufficient.  The  general 
attradion  of  all  bodies  to  all  bodies  was  called  (and  by  fome  ab- 
furdly  enough  fuppofed  to  be  accounted  for  by)  gravitation,  and 
many  fuperlicial  philofophers  thought  they  had  given  a  very 
good  account  of  eledricity,  cohefion,  and  magnetifm,  by  call¬ 
ing  them  particular  fpecies  of  attradion  peculiar  to  certain 
bodies. 
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But  when  electricity  began  to  fhow  itfelf  in  a  greater  variety 
of  appearances,  and  to  make  itfelf  fenlible  to  the  fmell,  the  fight, 
the  touch,  and  the  hearing :  when  bodies  were  not  only  at¬ 
tracted  and  repelled,  but  made  to  emit  ftrong  fparks  of  fire,  at¬ 
tended  with  a  confiderable  noife,  a  painful  fenfation,  and  a 
ftrong  phofphoreal  fmell ;  electricians  were  obliged  to  make 
their  fyftems  more  complex,  in  proportion  as  the  fads  were  fo. 
It  was  then  generally  fuppofed,  that  the  matter  of  the  eleCtric 
fluid  was  the  fame  with  the  chymical  principle  of  fire  ;  though 
fome  thought  it  was  a  fluid  fui  generis ,  which  very  much  re- 
fembled  that  of  fire;  and  others,  with  Mr.  Boulanger  at  their 
head,  thought  that  the  eleCtric  fluid  was  nothing  more  than  the 
finer  parts  of  the  atmofphere,  which  crouded  upon  the  furfaces 
of  eleCtric  bodies,  when  the  groffer  parts  had  been  driven  away 
by  the  friction  of  the  rubber. 

The  great  difficulty  common  to  all  thefe  theories  was  to  as¬ 
certain  the  direction  of  the  eleCtric  matter.  It  is  no  wonder  that, 
when  eleCtrical  appearances  were  firft  obferved,  all  eleCtric  powers 
were  fuppofed  to  refide  in,  and  therefore  to  proceed  from  the 
excited  eleCtric.  Confequently,  the  eleCtric  fpark  was  firft  ima¬ 
gined  to  be  darted  from  the  electrified  body  towards  any  conduc¬ 
tor  that  was  prefented  to  it.  It  was  never  imagined  there  could 
be  any  difference  in  this  refpeCt  whether  it  was  amber,  glafs, 
fealing-wax,  or  any  thing  elfe  that  was  excited.  Nothing  was 
thought  to  be  more  evident  to  the  fenfes  than  this  progrefs  of  the 
eleCtric  matter  :  what  then  muft  have  been  the  aftonifhment  of 
all  electricians,  when  they  firft  obferved  eleCtric  appearances 
at  an  infulated  rubber  ;  at  the  fame  time  that  it  was  demonftrat- 
ed,  that  the  aCtion  of  the  rubber  did  not  produce ,  but  only  colledl 
the  eleCtric  fluid. 


In  this  cafe,  the  current  could  not  have  been  fuppofed  to 
flow  both  from  the  conductor  and  the  rubber ;  and  yet  the  firft 
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appearances  were  the  fame.  To  provide  a  fupply  of  the  eleClric 
matter,  they  were  obliged  to  fuppofe  that,  notwithstanding  ap¬ 
pearances  were  nearly  the  fame,  the  electric  fluid  was  really  re¬ 
ceived  by  the  ele  Cl  rifled  body  in  the  one  cafe,  and  emitted  by 
it  in  the  other.  But  now,  being  obliged  to  give  up  the  argument 
for  the  manner  of  its  progrefs  from  the  evidence  of  fight,  they 
were  at  a  lofs  whether,  in  the  ufual  method  of  electrifying  by 
excited  glafs,  the  fluid  proceeded  from  the  rubber  to  the  conduc¬ 
tor,  or  from  the  conductor  to  the  rubber;  and  nothing  was 
found  to  obviate  thefe  difficulties,  till  an  excellent  theory  of 
pofitive  and  negative  electricity  was  fuggcfled  by  Dr.  Watfon, 
and  digefted  and  illuftrated  by  Dr.  Franklin. 

It  was  foon  found,  that  the  electricity,  at  the  rubber  was  the 
reverfe  of  that  at  the  conductor,  and  in  all  refpeCls  the  fame  with 
that  which  had  before  been  produced  by  the  friction  of  fealing- 
wax,  fulphur,  rofln,  &c.  Seeing,  therefore,  that  both  the  elec- 
ricities,  as  they  had  heretofore  been  called,  were  produced  at 
the  fame  time,  by  one  and  the  fame  eleCtric,  and  by  the  fame 
f  riCtion,  all  electricians,  and  among  the  reft  Mr.  Du  Fay  him- 
felf,  concluded,  that  they  were  both  modifications  of  one  and  the 
fame  fluid  ;  and  the  old  doCtrine  of  the  different  electricities  was 
univerfally  difearded. 

The  accidental  difeovery  of  the  Leyden  pliial  moff  clearly 
demonftrated  the  imperfection  of  all  the  theories  preceding  that  of 
pofitive  and  negative  electricity,  by  exhibiting  an  aftonifhing  ap¬ 
pearance,  which  no  electricians,  with  the  help  of  any  theory, 
could  have  forefeen,  and  of  which  they  could  have  formed  no 
idea,  a  priori. 

Upon  this  great  event,  new  theories  of  electricity  multiplied 
apace,  fo  that  it  would  be  to  no  purpofe  to  enumerate  them  all. 
Indeed  many  of  them  were  no  more  than  the  beings  of  a  day. 
For  no  fooner  were  they  {farted,  but  the  authors  themfelves, 
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upon  the  appearance  of  fome  new  fadt,  faw  reafon  to  new  model, 
or  entirely  rejedt  them.  I  Ihall,  therefore,  content  myfelf  with 
giving  the  outlines  of  fome  of  the  principal  theories  of  electricity, 
which  have  their  adherents  at  prefent,  without  confidering  whether 
thev  took  their  rife  before  or  after  this  difcovery. 

With  fome,  and  particularly  Mr.  Wilfon,  the  chief  agent  in 
all  electrical  operations  is  Sir  Ifaac  Newton’s  ether  ;  which  is 
more  or  lefs  denfe  in  all  bodies,  in  proportion  to  the  fmallnefs 
of  their  pores,  except  that  it  is  much  denfer  in  fulphureous 
and  unctuous  bodies  *.  To  this  ether  are  afcribed  the  principal 
phenomena  of  attraction  and  repulfion,  whereas  the  light,  the 
fmell,  and  other  fenfible  qualities  of  the  electric  fluid  are  referred 
to  the  grolfer  particles  of  bodies,  driven  from  them  by  the 
forcible  adtion  of  this  ether.  Many  phenomena  in  eledlricity 
are  alfo  attempted  to  be  explained  by  means  of  a  fubtile  medium, 
at  the  furface  of  all  bodies,  which  is  the  caufe  of  the  refradlion 
and  reflection  of  the  rays  of  light,  and  alfo  refill  the  entrance 
and  exit  of  this  ether')'.  This  medium,  he  fays,  extends  to  a 
fmall  dillance  from  the  body,  and  is  of  the  fame  nature  with 
what  is  called  the  eledlric  fluid.  On  the  furface  of  condudlors 
this  medium  is  rare,  and  eafily  admits  the  paflage  of  the  eledlric 
fluid;  whereas  on  the  furface  of  eledlrics  it  is  denfe,  and  refills 
it.  This  medium  is  rarefied  by  heat,  which  converts  non-con- 
dudlors  into  condudlors  J.  On. this  theory  I  Ihall  make  no  par¬ 
ticular  remarks,  becaufe  I  cannot  fay  that  I  clearly  compre- 
hend  it. 

But  the  far  greater  number  of  philofophers  fuppofe,  and 
with  the  greatell  probability,  that  there  is  a  fluid  fui  generis  prin¬ 
cipally  concerned  in  the  bufinefs  of  electricity.  They  feem,  how¬ 
ever,  though  perhaps  without  reafon,  entirely  to  overlook  Sir 

*  Wilfon’s  Difiertation,  p  5.  f  Hoadley  and  Wilfon,  p.  55.  t  Ibid.  p.  78. 
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Ifaac  Newton’s  ether;  or  if  they  do  not  fiippofe  it  to  be 
wholly  unconcerned,  they  allow  it  only  a  fecondary  and  fubor- 
dinate  part  to  aCt  in  this  drama.  And  among  thofe  who 
fuppofe  a  fluid  fui  generis,  there  is  a  great  diverfity  of  opinions 
about  the  mode  of  its  exiftence,  and  the  manner  of  its  opera¬ 
tion. 

The  ingenious  Abbe  Nollet,  whofe  theory  has  been  more  the 
fubjeCt  of  debate  than  all  the  other  theories  before  Dr.  Frank¬ 
lin’s,  fuppofes  that,  in  all  electrical  operations,  the  fluid  is 
thrown  into  two  oppofite  motions  ;  that  the  affluence  of  this 
matter  drives  all  light  bodies  before  it,  by  impulfe,  upon  the 
electrified  body,  and  its  effluence  carries  them  back  again.  But 
he  fcems  very  much  embarrafled  in  accounting  for  fads  where 
both  thcfe  currents  muft  be  confidered,  at  the  fame  time  that  he 
is  obliged  to  find  expedients  to  prevent  their  impeding  the 
elfeCts  of  each  other.  To  obviate  this  great  difficulty,  he 
fuppofes,  that  every  excited  eiedric,  and  likewife  every  body  to 
which  electricity  is  communicated,  has  two  orders  of  pores,  one 
for  the  emiffion  of  the  effluvia,  and  the  other  for  the  reception  of 
them.  A  man  of  lefs  ingenuity  than  the  Abbe  could  not  have 
maintained  himielf  in  fuch  a  theory  as  this ;  but,  with  his  fund 
of  invention,  he  was  never  at  a  iofs  for  refources  upon  all 
emergencies,  and  in  his  lafl  publication  appears  to  be  as  zealous 
for  this  ftrange  hypothefis  as  at  the  firft. 

He  more  than  once  requefled  a  deputation  of  the  members  of 
the  Academy  of  Sciences,  to  be  witneffes  of  fome  experiments,  in 
which,  he  thought,  there  was  a  vifible  effluence  of  the  eleCtri- 
cal  effluvia  from  the  conductor,  both  to  the  globe  at  one  of  its 
extremities,  and  to  any  non-eleCtric  prefen  ted  to  it  at  the  other; 
and  their  tefiimony  was  figned  and  regiftered  in  proper  form 
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But  it  does  not  feem  to  the  honour  of  Mr.  Nollet,  or  thofe  gen¬ 
tlemen  of  the  Academy,  to  be  fo  very  pofitive  in  a  matter  which 
does  not  admit  of  the  evidence  of  fenfe. 

The  Abbe’s  confidence  upon  this  fubjeCt  is  very  remarkable. 
Thefe  effects,  fays  he,  well  confidered,  and  reviewed  a  thou- 
fand  times,  in  the  courfe  of  thirty  years,  in  which  I  have  applied 
to  eleCtricity,  make  me  fay  with  confidence,  that  thofe  pencils 
of  rays  are  currents  of  eleCtric  matter,  which  fly  from  the  con¬ 
ductor  towards  the  excited  globe.  This  is  fo  evident,  that  I  would 
freely  appeal  to  the  ocular  teftimony  of  any  unprejudiced  perfon, 
who  ftiould  fee  the  experiments  which  I  have  recited.  But,  fays 
lie,  the  fad  in  queftion  is  contrary  to  a  fyftem  of  eleCtricity,  which 
fome  perfons  perfift  in  maintaining.  They  have  the  aflurance 
to  tell  me,  that  the  matter  of  the  luminous  pencil,  in  my 
experiment,  moves  in  a  direction  quite  oppofite  to  that  which 
I  fuppofe ;  that  it  proceeds  from  the  excited  globe,  and  is  from 
thence  thrown  upon  any  non-eleCtric  within  its  reach  *.  In  an¬ 
other  place,  he  fays,  that  the  principle  of  fimultaneous  effluences 
and  affluences  is  by  no  means  a  Jyftem,  but  a  faff  well  proved  f . 

The  Abbe  Nollet  propofes  an  hypothefis  to  explain  the  diffe¬ 
rence  between  common  eleCtricity  and  the  eleCtric  fhock.  All 
the  effeCts  of  common  eleCtricity,  he  fays,  plainly  fliow,  that 
the  eleCtric  matter  is  animated  with  a  progreflive  motion,  which 
really  carries  it  forwards  ;  whereas  the  remarkable  cafe  of  the 
eleCtric  fhock  appears  to  be  an  inftantaneous  percuflion,  which 
the  contiguous  parts  of  the  fame  matter  communicate  to  one 
another,  without  being  difplaced.  Sound  and  wind,  he  fays, 
are  motions  of  the  air  ;  but  would  a  philofopher,  be  permitted  to 
take  the  one  for  the  other,  in  meafuring  their  velocity  or  ex¬ 
tent.  But  this  comparifon  is  by  no  means  juft  $. 

f  Lettres  fur  l’EIeftricite,  p.  98. 
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It  muff  be  acknowledged,  that  far  the  greater  part  of  the 
Abbe  Nollet’s  arguments  in  favour  of  his  dodrine  of  effluences 
and  affluences  are  very  unfatisfadory,  and  that  his  method  of  ac¬ 
counting  for  eledrical  attradlion  and  repulfion,  with  other  phe¬ 
nomena  in  eledricity,  by  means  of  it,  is  more  ingenious  than 
folid.  It  is  a  great  pity  that  this  truly  excellent  philofopher 
had  not  fpent  more  time  in  diverfifying  fads,  and  lefs  in  refining 
upon  theory.  But  it  is  in  fome  meafure  the  natural  fault  of  a  dii- 
poiition  to  philofophize. 

Mr.  Du  Tour  improves  upon  this  hypothefis  of  the  Abbe 
Nollet,  by  fuppofing  that  .there  is  a  difference  between  the  affluent 
and  effluent  current ;  and  that  the  particles  of  the  fluid  are  thrown 
into  vibrations  of  different  qualities,  which  makes  one  of  thefe 
currents  more  copious  than  the  other,  according  as  fulphur 
or  glafs  is  ufed.  Difficult  as  it  is  to  form  any  idea  of  this  hypo¬ 
thefis,  the  author  appears  very  much  attached  to  it,  and  has  no 
doubt  of  its  accounting  for  all  eledrical  appearances. 
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The  theory  of  POSITIVE  and  NEGATIVE  electricity. 


THE  Englilh  philofophers,  and  perhaps  the  greater  part 
of  foreigners  too,  have  now  generally  adopted  the  theory 
of  pofitive  and  negative  electricity.  As  this  theory  has  been  ex¬ 
tended  to  almoft  all  the  phenomena,  and  is  the  molt  probable 
of  any  that  have  been  hitherto  propofed  to  the  world,  I  ihall 
give  a  pretty  full  account  of  it,  and  fhow  how  it  agrees  with  all 
the  propofitions  of  the  laft  part,  to  which  it  has  hitherto  been 
applied. 

This  theory  generally  goes  by  the  name  of  Dr.  Franklin,  and 
there  is  no  doubt  of  his  right  to  it;  but  juftice  requires  that  I 
diftinflly  mention  the  equal,  and,  perhaps,  prior  claim  of 
Dr.  Watfon,  to  whom  I  have  before  laid  it  had  occurred.  Dr. 
Watfon  fhowed  a  feries  of  experiments  to  confirm  the  doTrine 
of  plus  and  minus  ele&ricity  to  Martin  Folkes,  Efq.  then  pre¬ 
sent,  and  to  a  great  number  of  fellows  of  the  Royal  Society,  fo 
early  as  the  beginning  of  the  year  1 747,  before  it  was  known 
in  England  that  Dr.  Franklin  had  difcovered  the  fame  thing  in 
America.  See  the  Philofophical  Tran  factions,  vol.  xfiv.  p.  739; 
and  vol.  xlv.  p.  93 — 101.  Dr.  Franklin’s  paper,  containing  the 

fame  difcovery,  was  dated  at  Philadelphia,  June  the  ill;,  174 7* 
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According  to  this  theory,  all  the  operations  of  electricity 
depend  upon  one  fluid  fui  generis ,  extremely  fubtile  and  elaftic, 
difperfed  through  the  pores  of  all  bodies;  by  which  the  par¬ 
ticles  of  it  are  as  flrongly  attracted,  as  they  are  repelled  by 
one  another. 

When  the  equilibrium  of  this  fluid  in  anybody  is  not  diflurb- 
ed ;  that  is,  when  there  is  in  any  body  neither  more  nor  lei's  of 
it  than  its  natural  fhare,  or  than  that  quantity  which  it  is  capable 
of  retaining  by  its  own  attraction,  it  does  not  difeover  itfelf 
to  our  fenfcs  by  any  effeCI.  The  aCtion  of  the  rubber  upon  an 
eleCtric  difturbs  this  equilibrium,  occafioning  a  deficiency  of  the 
fluid  in  one  place,  and  a  redundancy  of  it  in  another. 

This  equilibrium  being  forcibly  difturbed,  the  mutual  repul- 
fion  of  the  particles  of  the  fluid  is  neceflarily  exerted  to  reflore 
it.  If  two  bodies  be  both  of  them  overcharged,  the  eleCtric  at- 
mofpheres  (to  adopt  the  ideas  of  all  the  patrons  of  this  hypo- 
thefis  before  Mr.  iEpinus)  repel  each  other,  and  both  the  bodies 
recede  from  one  another  to  places  where  the  fluid  is  lefs  denfe. 
For,  as  there  is  fuppofed  to  be  a  mutual  attraction  between  all 
bodies  and  the  eleCtric  fluid,  eleCtrined  bodies  go  along  with 
their  atmofpheres.  If  both  the  bodies  be  exhaufted  of  their 
natural  fhare  of  this  fluid,  they  are  both  attracted  by  the  den¬ 
ier  fluid,  exifting  either  in  the  atmofphere  contiguous  to  them, 
or  in  other  neighbouring  bodies  ;  which  occalions  them  flill  to 
recede  from  one  another,  as  much  as  when  they  were  over¬ 
charged. 

Some  of  the  patrons  of  the  hypothefis  of  pofltive  and  nega¬ 
tive  electricity  conceive  otherwife  of  the  immediate  caufe  of  this 
repulfion.  They  fay  that,  as  the  denfer  eleCtric  fluid,  fur¬ 
rounding  two  bodies  negatively  electrified,  aCts  equally  on  all  fldes 
of  thofe  bodies,  it  cannot  occafion  their  repulfion.  Is  not  the 
repulfion,  fay  they,  owing  rather  to  an  accumulation  of  the 

elec- 


Sec.  II. 


ELECTRICITY. 


421 


eledric  fluid  on  the  furfaces  of  the  two  bodies  ;  which  accu¬ 
mulation  is  produced  by  the  attraction  of  the  bodies,  and  the  dif¬ 
ficulty  the  fluid  finds  in  entering  them  ?  This  difficulty  in  enter¬ 
ing  is  fuppofed  to  be  owing,  chiefly,  to  the  air  on  the  furface 
of  bodies,  which  is  probably  a  little  condenfed  there  ;  as  may 
appear  from  Mr.  Canton’s  experiment  above  mentioned  on  the 
double  barometer. 

Lastly,  if  one  of  the  bodies  have  an  overplus  of  the 
fluid,  and  the  other  a  deficiency  of  it,  the  equilibrium  is  reftored 
with  great  violence,  and  all  eledrical  appearances  between  them 
are  more  ftriking. 

The  influence  of  points  in  drawing  or  throwing  off  the 
eledric  fluid  has  not  been  quite  fatisfadorily  accounted  for  upon 
any  hypothefis,  but  it  is  as  agreeable  to  this  as  any  other. 
As  it  is  evident  that  every  electric  atinofphere  meets  with  fome 
refiftance,  both  in  entering  and  quitting  any  body,  whatever  be 
the  caufe  of  that  refiflance,  it  is  natural  to  fuppofe,  that  it  muft 
be  leaf!  at  the  points  of  bodies  where  there  are  fewer  particles  of 
the  body  (on  which  the  refiflance  depends)  oppofed  to  its  paf- 
fage,  than  at  the  flat  parts  of  the  furface,  where  the  refilling 
power  of  a  greater  number  of  particles  is  united. 

The  light  which  is  viiible  in  eledrical  appearances  is  generally 
fuppofed  to  be  part  of  the  compofition  of  the  electric  fluid, 
which  appears  when  it  is  properly  agitated.  But  this  fuppofition 
concerning  eledric  light  is  not  neceflary  to  the  general  hypo¬ 
thefis.  It  may  be  fuppofed,  upon  this  as  well  as  Mr,  Wilfon’s 
theory,  that  the  light,  and  the  phofphoreal  finell,  in  eledrical  ex¬ 
periments  arife  from  particles  of  matter  much  grofi'er  than  the 
proper  eledric  fluid,  but  which  may  be  driven  from  bodies  by 
its  powerful  action. 

The  found  of  an  electrical  explofion  is  certainly  produced  by 
the  air  being  difplaced  by  the  eledrical  fluid,  and  then  luddenly 
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collapfing,  fo  as  to  occafion  a  vibration,  which  diftufes  itfelf 
everyway  from  the  place  where  the  exploflon  was  made.  For  in 
fuch  vibrations  found  is  known  to  confift. 

But  the  chief  excellence  of  this  theory  of  pofitive  and  ne¬ 
gative  electricity,  and  that  which  gave  it  the  greatell  reputation, 
is  the  eafy  explication  which  it  fuggefls  of  all  the  phenomena 
of  the  Leyden  phial.  This  fluid  is  fuppofed  to  move  with  the 
greateft  eafe  in  bodies  which  are  conductors,  but  with  ex¬ 
treme  difficulty  in  electrics  per  fe  \  infomuch  that  glafs  is  abfo- 
lutely  impermeable  to  it.  It  is  moreover  fuppofed,  that  all  elec¬ 
trics  (and  particularly  glafs)  on  account  of  the  fmallnefs  of  their 
pores,  do  at  all  times  contain  an  exceedingly  great,  and  always 
an  equal  quantity  of  this  fluid;  fo  that  no  more  can  be  thrown 
into  one  part  of  any  eledric  fubftance,  except  the  fame  quantity 
go  out  at  another,  and  the  gain  be  exadly  equal  to  the  lofs.  Thefe 
things  being  previoufly  fuppofed,  the  phenomena  of  charging  and 
difcharging  a  plate  of  glafs  admit  of  an  eafy  folution. 

In  the  ufual  manner  of  electrifying,  by  a  fmooth  glafs  globe, 
all  the  eledric  matter  is  fupplied  by  the  rubber  from  all  the 
bodies  which  communicate  with  it.  If  it  be  made  to  communicate 
with  nothing  but  one  of  the  coatings  of  a  plate  of  glafs,  while 
the  conductor  communicates  vrith  the  other,  that  fide  of  the  glafs 
which  communicates  with  the  rubber  muff  neceffarily  be  exhaust¬ 
ed,  in  order  to  fupply  the  conductor,  which  muff  convey  the 
whole  of  it  to  the  fide  with  which  it  communicates.  By  this  ope¬ 
ration,  therefore,  the  eledric  fluid  becomes  almoff  entirely  ex¬ 
hausted  on  one  fide  of  the  plate,  while  it  is  as  much  accumulat¬ 
ed  on  the  other;  and  the  difcharge  is  made  by  the  eledric  fluid 
rufhing,  as  foon  as  an  opportunity  is  given  it,  by  means  of 
proper  condudors,  from  the  fide  which  was  overloaded  to  that 
which  was  exhaufted. 

It  is  not  neceflary,  however,  to  this  theory,  that  the  very  fame 

individual 


Sec.  II. 


ELECTRICITY. 


4^3 


individual  particles  of  electric  matter  which  were  thrown  upon 
one  fide  of  the  plate,  fhould  make  the  whole  circuit  of  the  in¬ 
tervening  conductors,  efpecially  in  very  great  diftances,  fo  as  ac¬ 
tually  to  arrive  at  the  exhaufled  fide.  It  may  be  fufficient  to 
fuppofe,  as  was  obferved  before,  that  the  additional  quantity  of 
fluid  difplaces  and  occupies  the  fpace  of  an  equal  portion  of  the 
natural  quantity  of  fluid  belonging  to  thofe  conductors  in  the  cir¬ 
cuit,  which  lay  contiguous  to  the  charged  fide  of  the  glafs, 
This  difplaced  fluid  may  drive  forwards  an  equal  quantity  of 
the  fame  matter  in  the  next  conductors ;  and  thus  the  progrefs 
may  continue,  till  the  exhaufled  fide  of  the  glafs  is  fupplied  by 
the  fluid  naturally  exifting  in  the  conductors  contiguous  to  it.  In 
this  cafe  the  motion  of  the  eleCtric  fluid  in  an  explofion  will  rather 
refemble  the  vibration  of  the  air  in  founds,  than  a  current  of 
it  in  winds. 

It  will  eafily  be  acknowledged,  that  while  the  fubftance  of  the 
glafs  is  fuppofed  to  contain  as  much  as  it  can  poflibly  hold  of  the 
electric  fluid,  no  part  of  it  can  be  forced  into  one  of  the  fides, 
without  obliging  an  equal  quantity  to  quit  the  other  fide ;  but 
it  may  be  thought  a  difficulty  upon  this  hypothefis,  that  one  of 
the  fides  of  a  glafs  plate  cannot  be  exhaufled,  without  the  other 
receiving  more  than  its  natural  {hare,  particularly  as  the  particles 
of  this  fluid  are  fuppofed  to  be  repulfive  of  one  another.  But 
it  muft  be  confidered,  that  the  attraction  of  the  glafs  is  fufficient 
to  retain  even  the  large  quantity  of  the  eleCtric  fluid  which  is 
natural  to  it,  againft  all  attempts  to  withdraw  it,  unlefs  that  eager 
attraction  can  be  fatisfied  by  the  admiffion  of  an  equal  quantity 
from  fome  other  quarter.  When  this  opportunity  of  a  fupply  is 
given,  by  connecting  one  of  the  coatings  with  the  rubber,  and 
the  other  with  the  conductor,  the  two  attempts  to  introduce 
more  of  the  fluid  into  one  of  the  iides,  and  to  take  from  it  on 
the  other,  are  made,  in  a  manner,  at  the  fame  inftant.  The  ac¬ 
tion 
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tion  of  the  rubber  tends  to  difturb  the  equilibrium  of  the  fluid  in 
the  glafs,  and  no  fooner  has  a  fpark  quitted  one  of  the  hides,  to 
go  to  the  rubber,  but  it  is  Tupplied  by  the  condudor  on  the  other; 
and  the  difficulty  with  which  thefe  additional  particles  move  in 
the  fubflance  of  the  glafs  effectually  prevents  it  reaching  the  op¬ 
posite  exhaufted  fide;  near  as  the  two  Tides  are  to  one  another, 
and  eager  as  is  the  endeavour  of  the  fluid  to  go  whither  it  is  fo 
Itrongly  attracted. 

It  is  not  laid,  however,  but  that  either  fide  of  the  glafs  may 
give  or  receive  a  / mall  quantity  of  the  eledric  fluid,  without  al¬ 
tering  the  quantity  on  the  oppoffte  lide.  It  is  only  a  very  con- 
iiderable  part  of  the  charge  that  is  meant,  when  one  lide  is  faid 
to  be  filled,  while  the  other  is  exhauffed. 

It  is  a  little  remarkable,  that  the  eledric  fluid,  in  this,  and 
in  every  other  hypotheffs,  fhould  fo  much  refemble  the  ether  of 
Sir  Ifaac  Newton  in  fome  relpeds,  and  yet  differ  from  it  fo  eflen- 
tially  in  others.  The  eledric  fluid  is  fuppofed  to  be,  like  ether, 
extremely  fubtile  and  elaftic,  that  is,  repullive  of  itfelf;  but, 
inftead  of  being,  like  the  ether,  repelled  by  all  other  matter,  it 
is  ftrongly  attraded  by  it ;  fo  that,  far  from  being,  like  the  ether, 
rarer  in  the  finall  than  in  the  large  pores  of  bodies,  rarer  within 
the  bodies  than  at  their  furfaces,  and  rarer  at  their  furfaces  than 
at  any  diftance  from  them  ;  it  muff  be  denfer  in  finall  than  in 
large  pores,  denfer  within  the  fubftance  of  bodies  than  at  their 
furfaces,  and  denfer  at  their  furfaces  than  at  a  diftance  from 
them.  But  no  other  property  can  account  for  the  extraordi¬ 
nary  quantity  of  this  fluid  contained  within  the  fubftance  of  elec¬ 
trics  per  fe ,  or  for  the  common  atmofpheres  of  all  excited  and 
eledrified  bodies. 

To  account  for  the  attradion  of  light  bodies,  and  other  eledrical 
appearances,  in  air  of  the  fame  denfity  with  the  common  atino- 
fphere,  when  glafs  (which  is  fuppofed  to  be  impermeable  to 
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eledricity)  fsinterpofed ;  it  is  conceived,  that  the  addition  or  fub- 
fttadibn  of  the  eledric  fluid,  by  the  adion  of  the  excited  eledric 
on  one  fide  of  the  glafs,  occafions  (as  in  the'  experiment  of  the 
Leyden  phial)  fubflradion  or  addition  of  the  fluid  on  the 
oppofite  fide.  «,  The  ftate  of  the  fluid’,  therefore,  oil  the  oppofite 
fide  being  altered, '  all  light  bodies  within  the  fphere  of  its  ac¬ 
tion  muft  be  affeded,  in  the  very  fame  manner  as  if  the  effluvia 

r  •  r  r  * 

of  the  excited  eledric  had  adually  penetrated  the  glafs,  ac¬ 
cording  to  the  opinion- of  all  eledriciaris  before  Dr.  Franklin. 

,  r  •  •  ~ 

T  he  manner  in  which  c  I  cit'd s  ‘acquire  their  pofitive  or  negative 
eledricity  is  not  determined,  according  to  this,  or  any  other 
theory,  with  fuflicient  certainty.  Mr.  Canton’s  conjedure  is,  that 
the  air  refembles  the  tourmalin,  and,  confequently,  acquires  its 
eledricity  by  heating  or  cooling;  but  whether  it  gains  or  lofes, 
the  eledric  fluid  in  either  flate  muft  be  determined  by  experiment. 


Signior  Beccaria’s  theory  of  the  eledricity  of  the  clouds  has  been 
related  at  large. 

This  hypothefis  of  pofitive  and  negative  eledricity  has  been 
adopted,  and,  in  fome  meafure,  rendered  more  fyftematical  by 
Mr.  ffipinus,  in  his  elaborate  treatife  entitled,  T entamen  Theories 
Elecfricitatis  et  Magnctifmi. 

He  has  extended  the  property  of  impermeability  to  air  and  all 
eledrics  as  well  as  glafs,  and  defined  it  in  a  better  manner ;  fup- 
pofing  impermeability  to  confiA  in  the  great  difficulty  with  which 
eledric  lubftances  admit  the  eledric  fluid  into  their  pores,  and 
the  flownefs  with  which  it  moves  in  them.  Moreover,  in  confe- 
quence  of  this  impermeability  of  air  to  the  eledric  fluid,  he 
denies  the  reality  of  eledric  atmofpheres,  and  thinks,  as'  was 
obferved  before,  that  Dr.  Franklin’s  theory  will  do  much  better 
without  them. 

He  thinks  that  all  the  particles  of  matter  muft  repel  one  an¬ 
other  :  for  that,  other  wile  (fince  all  fubftanccs  have  in  them  a 
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certain  quantity  of  the  eledric  fluid,  the  particles  of  which  repel 
one  another,  and  are  attraded  by  all  other  matter)  it  could  not 
happen,  that  bodies  in  their  natural  ftate,  with  refped  to  elec¬ 
tricity,  fhould  neither  attrad  nor  repel  one  another. 

He  that  reads  the  firfl;  chapter,  as  well  as  many  other  parts 
of  his  elaborate  treatife  above  mentioned,  may  fave  himfelf  a 
good  deal  of  time  and  trouble  by  confidering,  that  the  refult  of 
many  of  his  reafonings  and  mathematical  calculations  cannot  be 
depended  upon ;  becaufe  he  fuppofes  the  repulflon  or  elafticity 
of  the  eledric  fluid  to  be  in  proportion  to  its  condenfation ;  which 
is  not  true,  unlefs  the  particles  repel  one  another  in  the  Ample 
reciprocal  ratio  of  their  diflances,  as  Sir  Ifaac  Newton  has  demon- 
flrated,  in  the  fecond  book  of  his  Principia. 

Mr.  Wilcke,  as  well  as  Mr.  iEpinus,  adopts  all  the  gene¬ 
ral  principles  of  Dr.  Franklin’s  theory  of  pofltive  and  negative 
electricity,  but  thinks  that  no  experiments  which  have  hitherto 
been  made  fhow  which  of  the  eiedricities  is  pofltive  and  which 
negative.  Suppofing,  however,  what  is  called  pofltive  to  be 
really  fo,  and  that  flnooth  glafs,  for  inftance,  rubbed  upon  ful- 
phur  attrads  the  electric  fluid  from  it,  he  would  account  for  it 
upon  the  fame  principles  whereby  water  (lands  in  drops  on  rough 
furfaces,  but  is  diffufed  on  fmooth  ones.  The  eledric  fluid,  he 
would  fuppofe,  is  more  ftrongly  attraded  by  the  fmooth  fur- 
face  of  the  glafs,  and  therefore  diffufes  itfelf  over  it,  while  it  re¬ 
treats  from  electrics  of  rougher  furfaces  *,  But  this  explanation, 
I  imagine,  will  give  little  fatisfadion  to  fceptical  eledricians. 

Mr.  Wilcke  acknowledges  there  is  great  difficulty  in  account¬ 
ing  for  the  repulfive  power  of  bodies  eledrified  negatively,  and 
thinks  that  it  obliges  us  to  fuppole  the  mutual  repulflon  of  all 
homogeneous  matter.  Mr.  Waitz,  he  fays,  was  cf  the  fame 
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opinion.  According  to  him,  therefore,  bodies  which  have  too 
great  a  proportion  either  of  the  eledric  fluid,  or  of  their  pro¬ 
per  conftituent  matter,  muft  avoid  one  another.  In  the  former 
cafe,  by  the  repulfion  of  the  eledric  fluid,  in  the  latter,  by  the  re- 
pulfion  of  the  conftituent  parts  of  the  bodies.  Mr.  Wilcke  ob- 
ierves  upon  this  lubjed,  that  the  attradion  of  light  bodies  to  ne¬ 
gative  eledrics  cannot  be  owing  to  the  repul  five  power  of  the 
eledric  fluid  in  the  neighbouring  air,  driving  them,  or  the  elec¬ 
tric  matter  in  them  to  the  place  where  there  is  a  want  of  it ;  be- 
caufe  the  velocity  ought  to  decrtafe  as  it  recedes  from  the  impul- 
five  power :  whereas  it  is  accelerated,  as  if  it  were  attraded  by  the 
negative  eledric*. 

But  to  this  it  may  be  replied,  that  a  fucceflion  of  impulfes, 
though  every  fubfequent  one  fhould  be  weaker  than  the  preced¬ 
ing,  will  produce  an  accelerated  motion.  Befides,  the  nearer  the 
light  body  is  to  the  negative  electric,  the  nearer  it  is  to  the 
point  where  the  equilibrium  of  the  fluid  is  1110ft  deftroyed ;  or 
the  lefs  force  there  is  dn  the  fide  of  the  electric  to  balance  the 
force  that  drives  the  light  body  towards  it,  and  therefore  the 
impulfes  themfelves  muft  increafe. 

Mr.  Wilcke,  whofe  treatife  on  the  two  eledricities  is  admir¬ 
able,  both  for  its  materials  and  methodical  arrangement  of 
them,  diftinguifhes  three  caufes  of  excitation,  viz.  warming , 
liquefaction.,  and  friction ;  and  he  advifes,  that  we  carefully  dif- 
tinguilh  between  fpontaneous  and  communicated  eledricity.  By 
the  former  he  means  that  which  is  the  refult  of  the  appofition, 
or  mutual  adion  of  two  bodies ;  in  confequence  of  which, 
one  of  them  is  left  pofitively  eledric  and  the  other  negative. 
Whereas  comjnunicated  eledricity  is  that  which  is  fuperinduced 
upon  a  body,  or  part  of  a  body,  eledric  or  non-eledric,  without 


*  Wilcke,  p.  15,  and  Remarks  on  Franklin’s  Letters,  p,  2^0. 
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its  being  previoufly  heated,  melted,  or  rubbed  ;  or  without, 
any  mutual  addon  between  it  and  any  other  body.  This -diftinc- 
lion  is,  in  general,  very  obvious  ;  but  Mr.  Wilcke  defines  it 
more  accurately  than  it  had  been  done  before,  and  mentions  feve- 
ral  cafes  in  which  they  are  often  confounded. 

Sign ior  Beccaria  admits  the  theory  of  pofitive  and  ne¬ 
gative  eledricity,  though  he  explains  fome  eledrical  phenome¬ 
na  in  a  manner  different  from  the  other  patrons  of  that 
fyftem. 

He  fuppofes  that  eledrified  bodies  move  to  one  another  only  in 
the  ad  of  giving  and  receiving  the  eledric  fluid  * :  this  effed 
being  produced  by  the  eledric  matter  making  a  vacuum  in  its 
paffage,  and  the  contiguous  air  afterwards  collapfing,  and 
thereby  pufhing  the  bodies  together,  f.  This  vacuum,  he 
fays,  is  very  obfervable  upon  great  explofions  of  thunder,  when 
animals  have  been  flr'uck  dead  without  being  touched  with  the 
lightning;  a  vacuum  being  only  fuddenly  made  near  them,  and 
the  air  immmediately  rufhing  out  of  their  lungs  to  fill  it,  where¬ 
by  they  are  left  flaccid  and  empty  ;  whereas  when  per- 
fons  are  properly  killed  by  lightning,  their  lungs  are  found 
diftended  J. 

In  confirmation  of  this  hypothefis,  he  fays,  that  lefs  motion- 
is  given  to  bodies  by  electricity,  as  the  air  is  excluded  from 
them,  and  that  in  vacuo  no  motion  at  all  can  be  given  to 
'them'  |].  He  alfo  fays,  that  no  eledric  light  is  vifible  in  a  ba¬ 
rometer  in  which  there  is  a  perfed  vacuum  :  whence  he  infers, 
that  electric  light  is  vifible  only  by  means  of  fome  vibrations 
which  it  excites  in  the  air  §‘. 

*  Letters  dell’  elettricifrrio,  p.  36.  f  Ibid.  p.  41. 

t  Ibid.  p.  42,  ||  Ibid.  p.  48,  § •  Ibid.  p.  50. 
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To  account  for  the  colledion  or  diffipation  of  elearicity  by 
points,  he  fays  that  the  electric  fluid  appears,  from  experiments, 
to  move  with'  the  greatefi.  violence  in  the  fmalleft  bodies. 
All  eledrical  appearances'  will,  therefore,  be  rrioft  fenfible  at  the 
points  of  bodies  ;  arid,  *  confequently,  it  will  be  fooriefi  dif- 

fipated  there.  But  this  does  not  feem  to  touch  the  real  diffi¬ 
culty. 

Dr.  Franklin,  the  author  of  this  excellent  theory  of  po~ 
fitive  and  negative  eledricity,  with  a  truly  philofophical  great- 
nefs  of  mind,  to  which  few  perfons  have  ever  attained,  al¬ 
ways  mentions  it  with  the  utmoft  diffidence.  Every  appear¬ 
ance,  fays  he,  which  I  have  yet  feen,  in  which  glafs  and  elec¬ 
tricity  are  concerned,  are,  I  think,  explained  with  eafe  by  this 
hypothefis.  Yet,  perhaps,  it  may  not  be  a  true  one,  and  I  ffiali 
be  obliged  to  him  who  affords  me  a  better  *. 

It  is  no  wonder,  indeed,  that  this  excellent  philofopherr 
ffiould  treat  even  his  own  hypothefis  with  fuch  indifference, 
when  he  had  fo  juff  a  fenfe  of  the  nature,  ufe,  and  importance  of 
all  hypothefes.  Nor  is  it,  fays  he,  of  much  importance  to  us, 
to  know  the  manner  in  which  nature  executes  her  laws.  It 
is  enough  if  we  know  the  laws  themfelves.  It  is  of  real  ufe 
to  us  to  know  that  china  left  in  the  air,  unfupported,  will 
fall  and  break  ;  but  how  it  comes  to  fall,  and  why  it  breaks,  "are 
matters  of  fpeculation.  It  is  a  pleafure  indeed  to  know  them, 
but  we  can  preferve  our  china  without  itf. 

The  great  merit  of  this  writer  as  an  electrician  flands  in¬ 
dependent  of  all  hypothefes,  upon  the  firm  bafis  of  the  difeo- 
very  of  many  new  and  import  fads,  and,  what  is  more, 
applied  to  tne  greateft  ufes  Suppofing  him,  for  infiance,  to 
have  been  miftaken  in  his  account  how  the  clouds  come  to 

*  Franklin’s  Letters,  p.  78.  f  ibid.  p.  f9. 
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be  poffefled  of  eledricity,  muft  not  all  the  world  acknowledge 
themfelves  indebted  to  him  for  the  difeovery  of  the  famenefs 
of  the  eledric  fluid  and  the  matter  of  lightning;  and  efpe- 
dally  for  a  certain  method  of  preferving  their  buildings  and  per- 
fons  from  the  fatal  effeds  of  thunder  ftorms. 
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SECTION  IIL 


Of  the  theory  of  TWO  ELECTRIC  FLUIDS. 


CONVINCED,  as  the  reader  may  have  perceived  that  I 
am,  of  the  ufefulnefs  of  various  theories,  as  fuggefting 
a  variety  of  experiments,  which  lead  to  the  difcovery  of  new 
faffs;  he  will  excufe  me,  if  I  recall  his  attention  to  the  old 
theory  of  vitreous  and  refinous  eledricity,  as  it  was  firft  fug- 
gefted  by  Mr.  Du  Fay,  upon  his  difcovery  of  the  different  pro¬ 
perties  of  excited  glafs,  and  excited  amber,  fulphur,  rofin,  &c. 
and  as  it  has  been  new  modelled  by  Mr.  Symmer.  To  ffiow 
my  abfolute  impartiality,  I  fhall,  notwithftanding  the  prefer¬ 
ence  I  have  given  to  Dr.  Franklin’s  theory,  endeavour  to  re- 
prefent  this  to  as  much  advantage  as  poffible,  and  even  to  do 
it  more  juffice  than  has  yet  been  done  to  it,  even  by  Mr. 
Symmer  himfelf ;  who,  as  I  obferved  before,  has  fallen  into 
fome  miftakes  in  his  application  of  it.  Indeed,  hitherto  very 
little  pains  has  been  taken  with  this  theory,  nor  has  it  been  ex¬ 
tended  to  any  great  variety  of  phenomena. 

Let  us  fuppofe  then,  that  there  are  two  eledric  fluids,  which 
have  a  ffrong  chymical  affinity  with  each  other,  at  the  fame  time 
that  the  particles  of  each  are  as  flrongly  repullive  of  one  an¬ 
other.  Let  us  fuppofe  thefe  two  fluids,  in  fome  meafure, 
equally  attraded  by  all  bodies,  and  exifling  in  intimate  union 
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in  their  pores,  and  while  they  continue  in  this  union  to  exhibit 
no  mark  of  their  exigence.  Let  us  fuppofe  that  the  fri&ion  of 
any*  electric  produces  a  feparation  ofthefe  two  fluids,  caufmg  (in, 
the  ufual  method  of  electrifying)  the  vitreous  eletflricity  of  the 
rubber  to  be  conveyed  to  the  conductor,  and  the  refinous  elec¬ 
tricity  of  the  conductor  to  be  conveyed  to  the  rubber.  The  rub¬ 
ber  will  then  have  a  double  {hare  of  the  refinous  electricity, 
and  the  conductor  a  double  {hare  of  the  vitreous ;  fo  that,  upon 
this  hypothefis,  no  fubftance  whatever  can  have  a  greater  or  lefs 
quantity  of  eletric  fluid  at  different  times.  The  qualityof  it  only 
can  be  changed. 

The  two  eletric  fluids,  being  thus  feparated,  will  begin  to 
{how  their  refpctive  powers,  and  their  pagernefs  to  rufli  into 
re-union  with  one  another.  With  whichsoever  of  thefe  fluids  a 
number  of  bodies  are  charged,  they  will  repel  one  another,  they 
will  be  attrated  by  all  bodies  which  have  a  lefs  fliare  of  that 
particular  fluid  with  which  they  are  loaded,  but  will  be  much 
more  ftrongly  attrated  by  bodies  which  are  wholly  deftitute 
of  it,  and  loaded  with  the  other.  In  this  cafe  they  will  rufli  to¬ 
gether  with  great  violence. 

Upon  this  theory,  every  eletric  fpark  confifls  of  both  the  fluids 
rufliing  contrary  ways,  and  making  a  double  current.  When, 
for  inftance,  I  prefent  my  finger  to  a  conductor  loaded  with 
vitreous  eletricity,  I  difcharge  it  of  part  of  the  vitreous,  and 
return  as  much  of  the  refinous,  which  is  fupplied  to  my  body 
from  the  earth.  Thus  both  the  bodies  are  uneletrified,  the  ba¬ 
lance  of  the  two  powers  being  perfetly  reftored. 

When  I  prefent  the  Leyden  phial  to  be  charged,  and,  con- 
fequently,  connet  the  coating  of  one  of  its  fides  with  the  rub¬ 
ber,  and  that  of  the  other  with  the  conductor,  the  refinous  elec¬ 
tricity  of  that  fide  which  is  connected  with  the  conductor  is 
tranfinitted  to  that  which  is  conne&ed  with  the  rubber,  which 
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returns  an  equal  quantity  of  its  vitreous  electricity ;  fo  that  all  the 
vitreous  eledricity  is  conveyed  to  one  of  the  fldes,  and  all  the 
refinous  to  the  other.  Thefe  two  fluids,  being  thus  feparated, 
attrad  one  another  very  flrongly  through  the  thin  fubftance  of 
the  intervening  glafs,  and  rufh  together  with  great  violence, 
whenever  an  opportunity  is  prefented,  by  means  of  proper  con- 
dudors.  Sometimes  they  will  force  a  paflage  through  the  fub- 
flance  of  the  glafs  itfelf ;  and,  in  the  mean  time,  their  mutual 
attradion  is  ftronger  than  any  force  that  can  be  applied  to  draw 
away  either  of  the  fluids  feparately. 

Having  dated  the  general  principles  of  this  hypothefls  of 
two  fluids,  I  fhall  now  enter  into  a  brief  comparifon  of  it  with 
that  of  a  Angle  fluid,  as  explained  by  the  mode  of  pofitive  and 
negative  eledricity ;  that  we  may  fee  which  of  them  will  ac¬ 
count  for  the  fame  fads  in  the  ealier  manner  and  more  agreeable 
to  the  analogy  of  nature  in  other  refpeds.  For,  allowing  that 
no  fad  can  be  fhown  to  be  abfolutely  inconfiftent  with  either 
of  them;  yet,  certainly,  that  will  be  judged  preferable,  which 
is  attended  with  the  leaft  difficulty  in  conceiving  of  its  mode 
of  operation. 

In  the  firfl  place,  the  fuppofition  itfelf,  of  two  fluids,  is  not 
quite  fo  eafy  as  that  of  one,  though  it  is  far  from  being  difagree- 
able  to  the  analogy  of  nature,  which  abounds  with  affinities, 
and  in  which  we  fee  innumerable  cafes  of  fubftances  formed,  as 
it  were  to  unite  with  and  counterad  one  another.  Here,  like- 
wife,  agreeable  to  the  theory  of  two  electric  fluids,  while  thole 
fubftances  are  in  union,  we  fee  nothing  of  their  feparate  and  pe¬ 
culiar  powers,  though  they  be  ever  fo  remarkable.  What,  for 
inftance,  do  we  fee  of  the  ftriking  properties  of  the  acid  and  al~ 
kali  while  they  are  united  in  a  neutral  fait  ?  What  powers  in 
nature  are  more  formidable  than  the  vitreolic  acid,  and  phlo- 
gifton,  ancfwhat  more  innocent  than  common  fulphur,  which  is 
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a  compofition  of  them  both,  and  from  which  the  adion  of  fire 
feparates  them. 

The  two  fluids  being  fuppofed,  the  double  current  from  the 
rubber  to  the  condudor  and  from  the  condudor  to  the  rubber  is 
an  eafy  and  neceffary  confequence.  For  if,  upon  the  common 
fuppofition,  the  adion  of  the  rubber  puts  a  fingle  fluid  into  mo¬ 
tion  in  one  direction,  we  might  exped  that,  if  there  were  two 
fluids,  which  counteraded  each  other,  they  would,  by  the  fame 
operation,  be  made  to  move  in  contrary  diredions.  And  a  perfon 
who  has  been  ufed  to  conceive  that  a  fingle  fluid  may  be  made 
to  move  either  way,  viz.  from  the  condudor  to  the  rubber,  or 
from  the  rubber  to  the  condudor,  at  pleafure,  according  as  a 
rough  or  a  fmooth  globe  is  ufed,  can  have  much  lefs  objedion 
to  this  part  of  the  hypothecs. 

Admitting  then  this  different  adion  of  the  rubber  and  the 
eledric  upon  the  two  different  fluids,  the  manner  of  conveying 
electric  atmofpheres,  or  powers  to  bodies  is  the  fame  on  this 
as  on  any  other  theory ;  and  it  is  apprehended,  that  the  pheno¬ 
mena  of  negative  eledricity  are  more  eafily  conceived  by  the  help 
of  a  real  fluid,  than  by  no  fluid  at  all.  Indeed  Dr.  Franklin 
himfelf  ingenuoufly  acknowledges,  that  he  was  a  long  time 
puzzled  to  account  for  bodies  that  were  negatively  eledrified  re¬ 
pelling  one  another;  whereas  Mr.  Du  Fay,  who  obferved  the 
fame  fad,  had  no  difficulty  about  it,  fuppofing  that  he  had  dif- 
covered  another  eledricity,  fimilar,  with  refped  to  the  properties 
of  elaflicity  and  repulfion,  to  the  former. 

B v  this  double  adion  of  the  rubber,  the  method  of  charging 
a  plate  of  glafs  is  exceedingly  eafy  to  conceive.  Upon  this 
hypothefis,  all  the  vitreous  eledricity  quits  its  union  with  the 
relinous  on  the  fide  communicating  with  the  rubber,  and  is 
brought  over  to  the  fide  communicating  with  the  conductor ; 
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which,  by  the  fame  operation,  had  been  made  to  part  with  its  re- 
finous  electricity  in  return. 

All  the  vitreous  electricity  being  thus  brought  to  one  fide 
of  the  plate  of  glafs,  and  all  the  refinous  to  the  other,  the  phe¬ 
nomena  of  the  plate  while  handing  charged,  or  when  difcharged, 
are,  perhaps,  more  free  from  all  difficulty  than  upon  any  other 
hypothefis.  When  one  of  the  fides  of  the  glafs  is  conceived  to 
be  loaded  with  one  kind  of  eleCtricity,  and  the  other  fide  with 
the  other  kind ;  the  flrong  affinity  between  them,  whereby  they 
attraCt  each  other  with  a  force  proportioned  to  their  nearnefs, 
immediately  fupplies  a  fatisfaCtory  reafon,  why  fo  little  of 
either  of  the  fluids  can  be  drawn  from  one  of  the  fides  without 
communicating  as  much  to  the  other.  Upon  this  fuppofition, 
that  confequence  is  perhaps  more  obvious  than  upon  the  fup¬ 
pofition  of  one  half  of  the  glafs  being  crowded  with  the  eleCtric 
matter,  and  the  other  half  exhaufted.  In  the  former  cafe,  every 
attempt  to  withdraw  the  fluid  from  one  of  the  fides  is  oppofed  by 
the  more  powerful  attraction  of  the  other  fluid  on  the  oppofite 
fide.  On  the  other  hypothefis,  it  is  only  oppofed  by  the  attrac¬ 
tion  of  the  empty  pores  of  the  glafs. 

Lastly,  the  explofion  upon  the  difcharge  of  the  glafs  has 
as  much  the  appearance  of  two  fluids  ruffiing  into  union,  in 
two  oppofite  directions,  as  of  one  fluid,  proceeding  only  in  one 
direction.  The  fame  may  be  faid  of  the  appearance  of  every 
common  electric  fpark,  in  which,  upon  this  hypothefis,  there 
is  always  fuppofed  to  be  two  currents,  one  from  the  eleCtric,  or 
the  electrified  body,  and  the  other  to  it. 

I  do  not  fay  that  the  bur  which  is  ufually  feen  on  both  fides 
of  a  quire  of  paper  pierced  by  an  eleCtric  explofion,  and  the  cur¬ 
rent  of  air  flowing  from  the  points  of  all  bodies  electrified  nega¬ 
tively  as  well  as  pofitively,  are  material  objections  to  the  doCtrine 
of  a  Angle  fluid.  I  have  even  ffiown  how  they  may  be  explain- 

K  k  k  2  ed 


The  THEORIES  of 


Part  III. 


436 

ed  in  a  manner  confiftent  with  it ;  but  upon  the  fuppofition  of 
two  fluids,  and  two  currents,  the  difficulty  of  accounting  for  thefe 
fads  would  hardly  have  occurred. 

The  phenomena  of  difcharging  a  plate  of  glafs,  upon  the  hy- 
pothefls  of  two  fluids,  are  indeed  injudicioufly  explained  by  Mr. 
Symmer  ;  who  fuppofes  that  the  two  fluids  do  not  always  make 
the  whole  circuit  of  the  intervening  condudors,  but  enter  them, 
more  or  lefs,  from  each  fide  of  the  plate,  according  to  the  ftrength 
of  the  charge.  But  upon  this  fuppofition,  the  fire  of  the  fmallefl: 
charge  performs  the  whole  circuit,  as  well  as  the  fire  of  the 
greateft,  in  order  to  reffore  the  equilibrium  of  the  two  fluids  on 
each  ffde  of  the  glafs. 

It  is  almoft  needlefs  to  obferve,  that  the  influence  of  points 
is  attended  with  exadly  the  fame  difficulty  upon  this  theory 
as  upon  the  other.  It  is  equally  eafy,  or  equally  difficult,  to 
fuppofe  one  fluid  to  enter  and  go  out  at  the  point  of  an  elec¬ 
trified  condudor,  at  different  times,  as  to  fuppofe  that,  of 
two  fluids,  one  goes  out,  and  the  other  goes  in,  at  the  fame 
time. 

That  bodies  immerged  in  eledric  atmofpheres  muff;  acquire 
the  contrary  eledricity,  is  quite  as  eafy  to  conceive  upon  this,  as 
upon  any  other  hypotheffs.  For,  in  this  cafe,  fuppofe  the  eledri- 
fied  body  to  be  poffeffed  of  the  vitreous  eledricity,  all  the  vitre¬ 
ous  eledricity  of  the  body  which  is  brought  near  it  will  be  driven 
backwards,  to  the  more  diftant  parts,  and  all  the  refmous  eledri¬ 
city  will  be  drawn  forwards.  And  when  the  attradion  between 
the  two  eledricities,  in  thefe  different  bodies,  is  fo  great  as  to 
overcome  the  oppofition  to  their  union,  occafioned  by  the  at¬ 
tradion  of  the  bodies  that  contained  them,  the  form  of  their  fur- 
faces,  and  the  reiiffance  of  the  interpofing  medium,  they  will 
ruffi  together  ;  an  eledric  fpark  will  be  vifible  between  them, 
and  the  eledricity  of  both  will  appear  to  be  difcharged ;  the 
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prevailing  eledricity  of  each  being  faturated  with  an  equal  quan¬ 
tity  of  the  oppoftte  kind,  from  the  other  body. 

This  hypothecs  will  likewife  eafily  account  for  the  difficulty 
of  charging  a  very  thick  plate  of  glafs,  and  the  impoffibility 
of  charging  it  beyond  a  certain  thicknels  :  for  thefe  fluids  at 
a  greater  diftance,  will  attract  one  another  lefs  forcibly ;  and  at 
a  certain  greater  diftance  will  not  attract  at  all. 

Having  given  the  moft  favourable  view  that  I  can  of  this 
hypothefis  of  two  eledric  fluids,  I  fhall,  with  the  fame  fairnefs, 
make  the  beft  anfwer  I  am  able  to  the  principal  objedion  that 
will  probably  be  made  to  it. 

If  it  be  afked,  why  the  two  fluids,  meeting  on  the  furface 
of  the  globe,  or  in  the  eledric  explofion,  do  not  unite,  by 
means  of  their  ftrong  affinity,  and  make  no  farther  progrefs  ; 
it  may  be  anfwered,  that  the  attraction  between  all  other  bodies 
and  the  particles  of  both  thefe  fluids  may  be  fuppofed  to  be,  at 
leaft,  as  ftrong  as  the  affinity  between  the  fluids  themfelves ; 
fo  that  the  moment  that  any  body  is  difpoflefled  of  one,  it  may 
recruit  itfelf,  to  its  ufual  point  of  faturation,  from  the  other. 

Besides,  in  whatever  manner  it  be  that  one  of  the  eledric 
fluids  is  diflodged  from  any  body  (ft nee,  upon  every  theory, 
the  two  eledricities  are  always  produced  at  the  fame  time)  the 
oppoftte  eledricity  will,  by  the  fame  adion,  be  diflodged  from 
the  other  fubftance.  And  (as  upon  the  common  theory)  what¬ 
ever  it  be  that  diflodges  the  fluid  from  any  fubftance,  it  will  be 
fufficient  to  prevent  its  return  ;  confequently,  fuppofing  both  the 
fubftances  necefiarily  to  have  a  certain  proportion  of  eledric  mat¬ 
ter,  each  may  be  immediately  fuppiied  from  that  which  was  dif¬ 
lodged  from  the  other. 

The  rubber,  therefore,  at  the  time  of  excitation,  gives  its  vi¬ 
treous  electricity  to  that  part  of  the  fmooth  glafs  againft  which 
it  has  been  prefled,  and  takes  an  equal  quantity  of  the  reftnous 
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ia  return.  The  glafs,  being  a  non-conductor,  does  not  allow 
this  additional  quantity  of  vitreous  electricity  to  enter  its  fubflance. 
It  is  therefore  diffufed  upon  the  furface,  and,  in  the  revolution 
of  the  globe,  is  carried  to  the  prime  conductor.  There  (as  in 
the  experiments  begam  by  Mr.  Canton,  and  profecuted  by  Mr. 
Wilcke,  &c.)  it  repels  the  vitreous,  and  violently  attracts  the 
refmous  electricity ;  and  (the  points  of  the  conductor  favouring 
the  mutual,  tranlition)  the  vitreous,  which  abounds  upon  the 
globe,  pa  lies  to  the  conductor  ;  and  the  refmous,  which  abounds 
on  the  nearefr  parts  of  the  conductor  rufhes  upon  the  globe. 
There  it  mixes  with,  and  faturates  what  remained  of  the  vitre¬ 
ous  electricity,  on  the  part  on  which  it  flows,  and  thereby  re¬ 
duces  it  to  the  fame  ftate  in  which  it  was  before  it  was  firfl:  ex¬ 
cited.  Every  part  of  the  furface  of  the  globe  performs  the  fame 
office,  firfl;  exchanging  electricities  with  the  rubber,  and  then 
with  the  conductor. 

The  folution  of  this  difficulty  will  likewife  folve  that  of  the 
eleCtric  explofion,  in  which  there  is  a  collifion,  as  it  were,  ol 
the  two  fluids,  while  yet  they  .completely  pafs  one  another.  For 
flill  each  furface  of  the  glafs  may  be  fuppofed  to  require  its  cer¬ 
tain  portion  of  eleCtric  matter,  and  therefore  cannot  part 
with  one  fort  without  receiving  an  equal  quantity  of  the  other.  It 
muft  be  confidered  alfo,  that  the  air,  through  which  thefe  fluids 
pafs,  has  already  its  natural  quantity  of  electricity,  fo  that  being 
fully  faturated,  it  can  contain  no  more ;  and  the  two  fluids  only 
ruffi  to  the  places  from  whence  they  had  been  forcibly  diflodged, 
and  where  the  greater  body  of  the  oppoflte  fluid  waits  to  embrace 
them. 

Mr.  Symmer’s  hypothefis  of  a  double  current  differed  in 
forne  refpeCts  from  that  of  the  Abbe  Nollet.  The  Abbe,  how¬ 
ever,  according  to  his  ufual  candour,  fpeaks  of  him  with  the 
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higheft  refpeCI ;  at  the  fame  time,  he  flill  appears  an  advocate  for 
his  old  favourite  hypothefis. 

Mr.  Cign  a,  who  purfued  the  experiments  above  recited  of 
Mr.  Symmer,  obferves,  with  refpeCI  to  his  theory  ;  that  it  is  not 
contradicted  by  any  phenomena  that  are  yet  known,  and  that  it 
fuits  fome  of  them  in  a  peculiarly  clear  and  elegant  manner ; 
particularly  every  thing  relating  to  charging  and  difcharging  a 
plate  of  glafs  ;  all  the  experiments  which  feem  to  fhow  a  mu¬ 
tual  attraction  between  the  two  electricities,  when  they  are  kept 
afunder;  and  that  curious  experiment  above  mentioned  of  Signior 
Beccaria,  of  difcharging  a  plate  of  glafs  fufpended  by  a  filken 
firing,  without  either  touching  or  moving  the  plate.  Yet,  upon 
the  whole,  he  declares  in  favour  of  Dr.  Franklin’s  theory  of 
pofitive  and  negative  electricity,  on  account  of  its  admirable 
fimplicity,  and  becaufe  philofophers  ought  not  to  multiply  caufes 
without  neceffity. 

Dr.  Franklin’s  theory,  he  fays,  completely  folves  all  the 
cafes  of  the  two  electricities  dehroying  one  another  when  they 
are  mixed  ;  but  doth  not  fo  clearly  account  for  their  attract¬ 
ing,  and  counteracting  one  another  when  they  are  feparate.  Fie 
concludes  with  faying,  he  doth  not  cliufe  to  fay  much  on  fo  very 
obfcure  a  queftion,  which  has  divided  the  opinions  of  very  great 
men;  and  that  any  hypothefis  of  the  two  electricities,  which 
will  account  for  the  deftruCtion  of  all  the  figns  of  eledricity 
when  they  are  united,  and  their  mutual  attraction  when  they  are 
feparate,  will  equally  fuit  all  the  phenomena  that  have  yet  been 
difcovered. 

I  have  taken  a  little  pains  with  this  theory,  becaufe  I  thought 
it  had  been,  hitherto,  too  much  overlooked,  and  that  fuffici- 
cnt  jullice  had  not  been  done  to  it,  even  by  thofe  who  propofed 
it.  For  the  future,  I  hope  it  will  be  feen  to  more  advantage, 
and  appear  a  little  more  refpe&able  among  its  filler  hypothefes  ; 
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and  then,  vale  at  quantum  valere  pot  eft.  If  any  electrician  will 
favour  me  with  the  communication  of  any  other  theory,  not  ob- 
vioufly  contradicted  by  facts,  I  (hall  think  myfelf  obliged  to  him, 
and  fhall  think  I  do  a  piece  of  real  fervice  to  the  fcience  in  the 
publication  of  it.  If  more  perfons  favour  me  with  more  different 
theories,  I  fhould  think  my  book,  as  far  as  theories  are  of  any 
ufe,  fo  much  the  more  valuable. 


PART 
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FOR  THE  FARTHER  EXTENSION  OF  IT. 


SECTION  I. 


General  observations  on  the  present  state  of  elec¬ 
tricity. 


HAT  real  progrefs  has  been  made  in  electricity,  has,  I 


A  prefume,  been  fufEciently  demonftrated  in  the  courfe  of 
the  preceding  hiftory  ;  that  a  great  deal  dill  remains  to  be  done, 
will,  I  think,  be  evident  from  this  part  of  the  work.  Thofe 
perfons  who  think  that  nothing  has  been  done  to  any  purpofe  in 
Natural  Philofophy,  or  that  the  advances  have  been  made  very 
{lowly,  fince  the  time  of  Sir  Ifaac  Newton,  need  only  read  the 
preceding  hiftory,  to  be  convinced,  both  that  a  great  deal  has  been 
done,  and  that  the  progrefs  in  this  kind  of  knowledge,  inftcad 
of  being  flow,  has  been  amazingly  rapid.  To  quicken  the  fpeed 
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of  philofophers  in  purfuing  this  progrefs,  and  at  the  fame  timey 
in  fome  meafure,  to  facilitate  it,  is  the  intention  of  this  treatife, 
and  more  efpecially  of  this  part  of  it.  When  a  traveller  imagines 
he  is  near  his  journey’s  end,  he  is  little  folicitous  about  making 
difpatcli,  thinking  that,  without  any  hafte,  the  labour  of  the 
day  will  quickly  be  over  ;  whereas,  if  he  find  that,  whatever  pro¬ 
grefs  he  may  have  made,  he  has  a  great  deal  ftill  to  make,  he  con¬ 
tinues,  or  quickens  his  fpeed. 

The  principal  reafon  why  many  ingenious  perfons  have  fo 
foon  got  to  their  ne  flits  ultra  in  philofophical  difcoveries,  has. 
evidently  been  their  attachment  to  favourite  theories  ;  which  they 
imagined  both  accounted  for  all  the  phenomena  that  had  been 
obferved,  and  would  likewife  account  for  all  that  fhould  be  ob- 
ferved.  Having  therefore  attained  to  the  great  objedt  of  a  fcience, 
and  difcovered  the  ultimate  and  mod;  general  principles  of  it, 
there  was  nothing  more  that  was  worth  their  notice  ;  it  being 
beneath  men  of  genius  to  fpend  their  time  in  diverfifying  effects, 
when  there  were  no  new  caufes  to  be  found.  I  hope  that  what  has 
hitherto  been  faid  concerning  the  nature  and  ufe  of  hypothefes, 
and  about  the  progrefs  and  prefent  imperfedt  ftate  of  thofe 
which  refpedt  eledtricity,  will  convince  thofe  eledtricians  who  may 
not  yet  have  been  convinced  of  it,  that  our  bufinefs  is  ftill  chiefly 
with  faffs,  and  the  analogy  of  faffs  y  that  far  too  few  of  thefe, 
have  been  difcovered  to  afcertain  a  perfedt  general  theory,  and 
that  all  that  the  prefent  hypothefes  can  do  for  us  muft  conlift  in 
fuggefting  farther  experiments. 

If  we  look  back  upon  the  hiftory  of  electricity,  and  confider 
the  ftate  of  fadts  and  of  hypothefes  at  any  particular  period  of 
time  paft,  we  fhall  fee  that  there  was  always  the  lame  apparent 
reafon  for  acquiefcing  in  what  had  been  done,  as  at  prefent. 
The  theories  of  the  firft  eledtricians,  lame  and  imperfedt  as  they 
were,  were  yet  fufficient  to  account  for  all  the  fadts  they  were 
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acquainted  with  ;  and  as  for  other  fafts,  they  could  have  no  idea 
or  apprehenfion  of  them,  and  therefore  could  not  be  felicitous 
about  them. 

Mr.  Boyle,  no  doubt,  was  as  fully  fatisfied  with  his  fimple 
hypothefis  of  the  unctuous  effluvia,  as  Mr.  Nollet  with  his 
theory  of  affluences  and  effluences;  or  the  greateft  part  of  the 
prefent  race  of  electricians  with  that  of  pofltive  and  negative 
eleCtricity.  Mr.  Haukfbee,  when  he  made  his  furprifing  difco- 
veries  concerning  the  properties  of  eleCtric  light,  and  many  cu¬ 
rious  circumftances  concerning  eleCtric  attraction  and  repulfion, 
might  very  naturally  think  that  little  more  was  to  be  done. 
Indeed,  who  could  have  thought  otherwife,  when  the  fcience 
was  actually  at  a  Hand  for  feveral  years  after  him  ?  All  that  the 
indefatigable  Mr.  Grey  (who  made  the  great  difcovery  of  the 
communication  of  electric  powers  to  bodies  not  electric  per  fe) 
imagined  to  remain  undone,  were  mere  chimeras  and  iliufions. 
Mr.  Du  Fay,  who  made  the  difcovery  of  vitreous  and  refinous 
electricity,  had  no  idea  of  the  electric  fhock ;  and  the  German 
philofophers,  who  accidentally  obferved  it,  knew  nothing  of  its 
mofl  remarkable  properties.  Notwithftanding  a  great  number 
of  treatifes  on  the  fubject  of  electricity  appeared  prefently  after 
this  difcovery,  and  fome  of  them  very  fyftematical,  compre¬ 
hending,  no  doubt,  what  the  authors  of  them  thought  to  be  the 
whole  of  the  fcience,  yet  none  of  them  had  the  leafl:  idea  of  the 
amazing  difcoveries  of  Dr.  Franklin,  relating  either  to  the  Ley¬ 
den  phial,  or  to  the  nature  of  lightning.  And  though  numbers 
of  Dr.  Franklin’s  admirers  thought  that  he  had  exhaufted  the 
whole  fubject,  he  himfelf  was  far  from  thinking  fo  ;  and  the 
hiftory  of  electricity,  flnce  the  date  of  his  capital  difcoveries, 
demonftrates  that  his  fufpicion  was  true. 

It  may  be  faid,  that  there  is  a  ne  plus  ultra  in  every  thing, 
and  therefore  in  electricity.  It  is  true  :  but  what  reafon  is  there 

L  1  1  2  to 


t 


444 


DESIDERATA  in 


Part  IV. 


to  think  that  we  have  arrrived  at  it.  Mr.  Grey  might  have  ufed 
the  fame  language  above  twenty  years  ago  ;  but  every  body 
will  now  acknowledge,  that  it  would  have  been  above  twenty 
years  too  loon  :  and  yet,  I  think,  it  is  evident,  that  Mr.  Grey 
had  really  more  reafon  to  think  he  had  arrived  at  the  ne  plus 
ultra  of  electricity,  than  we  have  to  think  that  we  are  arrived  at  it.. 
Time  has  brought  to  light  a  great  number  of  incomplete ,  as  well 
as  complete  experiments,  and  perhaps  more  of  the  former  than 
of  the  latter ;  concerning  all  which,  as  he  could  have  no  know¬ 
ledge,  fo  he  could  have  no  doubts  ;  fo  that,  though  we  know' 
much  more  than  he  did,  we,  at  the  fame  time,  know  how 
much  more  is  unknown  better  than  he  could.  Hitherto  the  acqui- 
ft  ion  of  electrical  knowledge  has  been  like  the  acquilition  of 
riches  :  the  more  we  polfefs,  the  more  we  wiih  to  polfefs  ;  and, 
I  hope,  the  more  indefatigable  we  fhall  be  to  acquire  the  pofief- 
fion  of  it. 

One  thing  extremely  ufeful  to  the  progrefs  of  farther  difcove— 
ries,  is  to  know  what  has  really  been  done  by  others,  and 
where  the  fcience  Hands  at  prefent.  For  w'ant  of  this  know'- 
ledge,  many  a  perfon  has  loft  his  time  upon  experiments  which, 
he  might  have  known  had  either  failed  or  fucceeded  with  others 
and  which  it  was,  therefore,  not  worth  his  while  to  repeat. 
But  the  lources  of  this  kind  of  information  are  too  much  fcatter- 
ed,  and  too  diftant  for  moft  perfons  to  have  accefs  to  them.  This 
was  the  firft  motive  of  the  prefent  undertaking,  intended  to  exhibit 
a  diftinct  view  of  all  that  has  been  done  in  electricity  to  the  pre¬ 
fent  time,  and  likewife  the  order  and  manner  in  which  every 
thing  has  been  done  ;  that  electricians,  having  a  diftinct  idea  of; 
what  the  progrefs  of  electrical  knowledge  has  been,  might  fee^ 
more  clearly  what  remains  to  be  done?  and  what  purfuits  belt 
promife  to  reward  their  labour.. 


ItfDEED) 


Ssc.  I. 


ELECTRICITY.  44J 

1 

Indeed  it  is  almoft  impolfible  for  any  perfon  to  read  the  hiflory 
of  electricity  without  gathering  many  hints  for  new  experiments. 
When  he  has  the  whole  before  him  at  one  view,  he  can  better 
bring  the  diftant  parts  together  ;  and  from  the  companion  of 
them,  n ew  lights  may  arife.  When  he  fees  what  experiments 
have  failed,  and  what  have  fucceeded  ;  what  branches  of  the 
fcience  have  been  molt  attended  to,  and  what  things  feem  to  have 
been  overlooked  ;  what  has  been  difcovcred  by  accident,  and 
what  by  theory ;  when  he  fees  both  the  true  lights  which  di¬ 
rected  fome  happy  difcoverers,  and  the  falfe  lights  which  milled 
others,  he  will  have  the  bell  preparation  for  purfuing  his  own. 
inquiries* 

To  point  out  many  of  the  dejiderata  in  the  fcience  of  electricity, 
I  am  fenfible,  will,  for  this  reafon,  be  fuperfluous  to  many  per- 
fons,  and  probably  to  moll  who  will  have  read  thus  far  of  this 
treatife  :  for  fufficient  hints  of  them  mull  have  been  fuggefted  by 
the  perfual  of  the  hiflory.  But  if  I  have  been  anticipated  in  this 
part  of  my  work  by  fome  of  my  readers,  it  will  not  difpleafe  them 
to  find  it ;  and  to  others,  the  contents  of  this  chapter  will  be  pe¬ 
culiarly  ufeful. 

If,  indeed,  I  had  confulted  my  reputation  as  a  writer,  or  a 
philofopher,  I  Ihould  not  have  attempted  this  chapter  at  all. 
For  not  only  will  many  of  the  articles  which  I  lhail  now  put 
down  as  defiderata  in  the  fcience  be  foon  no  longer  fo,  and  even, 
young  electricians  be  able  to  give  fatisfactory  anfwers  to  fome  dif- 
cult  queries  I  am  going  to  propofe;  but  many  of  them  will  pro¬ 
bably  appear  idle,  frivolous,  or  extravagant  ones;  and,  in  a. 
more  advanced  Hate  of  the  fcience,  it  will  hardly  be  imagined 
why  I  put  them  down  at  all.  But  if  this  chapter  be  a  means  of 
haftening  fo  defirable  an  event,  and  of  accelerating  the  progrefs 
of  electrical  knowledge,  I  am  very  willing  that  it  Ihould,  ever  after,. 
*ftand  as  a  monument  of  my  prefent  ignorance.. 
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“  These  thoughts,”  to  adopt  the  words  of  Dr.  Franklin, 
with  much  more  propriety  than  he  himfelf  firft  ufed  them, 

“  are  many  of  them  crude  and  hafty;  and  if  I  were  merely 

44  ambitious  of  acquiring  fome  reputation  in  philofophy,  I  ought 
*4  to  keep  them  by  me,  till  corredcd  and  improved  by  time  and 
“  farther  experience.  But  fince  even  fhort  hints  and  imperfed 

experiments,  in  any  new  branch  of  fcience,  being  communi- 

45  cated,  have  often  times  a  good  effed,  in  exciting  the  attention 
44  of  the  ingenious  to  the  fubjed,  and  fo  become  the  occafion 
44  of  more  exad  difquifitions,  and  more  complete  difcoveries  ; 

44  you  are  at  liberty, ”  fays  he,  to  Mr.  Collinfon,  44  to  commu- 
44  nicate  this  paper  to  whom  you  plcafe,  it  being  of  more 
44  importance  that  knowledge  fhould  increafe,  than  that  your  friend  . 
44  fhould  be  thought  an  accurate  philofopher.” 

1  would  not  even  propofe  to  draw  up  the  following  queries 
upon  the  plan  of  thofe  of  Sir  Ifaac  Newton,  at  the  end  of  his 
treatife  on  Optics.  Many  of  them  are  fuch,  that  I  have  hardly 
the  moil  diftant  expedation  of  their  being  verified  ;  but  the  at¬ 
tempt  to  verify  them  may  pofllbly  lead  to  fome  other  difcoveries 
of  more  importance.  They  are  fuch  random  thoughts  as  led 
to  the  new  experiments  I  have  made ;  and  not  having  any 
more  leifure  to  purfue  them  myfelf,  I  freely  impart  them  to 
my  reader,  that  he  may  make  as  much  advantage  of  them  as  he 
.can  :  being  determined,  upon  taking  leave  of  the  fubjed,  to  write 
myfelf  fairly  out ,  as  Mr.  Addifon  fays  ;  or,  as  the  Spanifh  writers 
fay,  to  leave  nothing  in  my  inkhorn . 

Happy  would  it  he  for  fcience,  if  all  philofophers  who  are 
engaged  in  the  fame  purfuits,  would  make  one  common  chapter 
of  all  their  hints  and  queries  :  and  greatly  honoured  fhould  I 
think  myfelf  if  the  prefent  chapter  in  this  treatife  might  be 
made  ufe  of  for  that  purpofe,  and  if,  in  future  editions  of 
the  work,  it  fhould  be  looked  into  as  the  common  receptacle* 
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of  the  prefetit  dejiderata  among  the  whole  body  of  electricians, 
and  of  their  imperfect  hints  for  new  difcoveries.  With  plea- 
fure  fhould  I  fee  each  of  them  diftinguifhed  by  the  name  of 
feme  generous  and  illuftrious  contributor.  A  few,  the  reader  will 
find,  have  been  added  to  my  own,  and  are  diftinguifhed  in 
this  manner. 

Many  perfons  can  throw  out  hints,  who  either  have  not- 
leifure,  or  a  proper  apparatus  for  purfuing  them  :  others  have’ 
leifure,  and  a  proper  apparatus  for  making  experiments,  but  are 
content  with  amufing  themfelves  and  their  friends  in  diverfify— 
ing  the  old  appearances,  for  want  of  hints  and  views  for  find- 
.  ing  new  ones.  By  this  means,  therefore,  every  man  might  make 
the  beft  ufe  of  his  abilities  for  the  common  good..  Some  might : 
ftrike  out  lights,  and  others  purfue  them;  and  philofophers  might 
not  only  enjoy  the  pleafure  of  refleding  upon  their  own  difcoveries, 
but  alfo  upon  the  fhare  they  had  contributed  to  the  difcoveries  of. 
others. 
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SECTION  II. 


QUERIES  and  HINTS  calculated  to  promote  farther 

DISCOVERIES  IN  ELECTRICITY. 


I. 

Queries  and  hints  concerning  the  ELECTRIC  FLUID. 


WHAT  is  the  proportion  of  the  feveral  colours  in 
eledric  light,  in  different  cafes,  and  in  different  ap¬ 
pearances  of  it  ? 

^  / 

Is  not  the  eledric  light  a  real  vapour  ignited,  fimilar  to  that  of 

pholphorus  ;  and  may  not  experiments  be,  hereafter,  made, 

where  we  fhall  have  the  explofion,  the  fhock,  and  the  other 

effeds  of  eledricity,  without  the  light  ?  Is  the  eledric  light 

ever  vifible  except  in  vacuo  ?  In  the  open  air  the  electric  fluid 

makes  itfelf  a  vacuum  in  order  to  its  paflage. 

Collect  the  eledric  fluid,  not  from  the  general  mafs  of 

the  earth  but  from  bodies  of  particular  kinds,  and  obferve  if 

it  have  any  different  properties,  with  refped  to  light,  &c. 

Is  it  exadly  the  fame  at  fea,  as  on  land  j  below  the  furface  of 

the  earth,  as  above  it,  <kc.  &c.  &c.  ? 


Is 
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Df.  Franklin  obferved,  that  iron  was  corroded  by  being 
cxpofed  to  repeated  electric  fparks.  Muft  not  this  have  been 
effeded  by  fome  acid  ?  What  other  marks  are  there  of  an  acid  in 
the  eledric  matter  ?  May  not  its  phofphoreal  fmell  be  reckoned 
one  ? 

Is  there  only  one  eledric  fluid,  or  are  there  two  ?  Or  is 
there  any  eledric  fluid  fui  generis  at  all,  diftind  from  the  ether 
of  Sir  Ifaac  Newton  ?  If  there  be,  in  what  refped  does  it  differ 
from  the  ether  ? 

■*  t 

Are  the  particles  which  affed  the  organ  of  fmelling,  as  well  as 
the  particles  of  light,  parts  of  the  proper  elediic  fluid,  or  are  they 
merely  adventitious,  being,  fome  way  or  other,  brought  into  adion 
by  eledricity  ? 

Does  not  fome  particular  order  of  the  particles,  which  Sir  Ifaac 
Newton  fuppofes  to  be  continually  flying  from  the  furfaces  of 

•  ?  i 

all  bodies,  conftitute  the  eledric  fluid  ;  as  others,  he  imagined, 
conftitute  the  air,  and  others  the  ether,  &c.  ? 

f  .  * 

Is  it  probable  that  there  is  even  any  temporary,  or  growing  ad¬ 
dition  to,  or  diminution  of  the  whole  flock  of  eledricity  ? 

Whence  arifes  the  elafticity  of  the  eledric  fluid,  and  accord  - 
ing  to  what  law  do  its  particles  repel  one  another  ?  Mr.  Price . 

ft*  t  •*.'  <  1  .*  Ill'  .*  -I.  t  -•  1  ^  1  U  »  J  . 

Is  not  the  eledric  matter  the  fame  with,  or  at  leaft,  hath 

.  /  .* 

it  not  fome  near  relation  to  that  luminous  matter  which  forms 
the  folar  atmofphere,  and  produces  the  phenomenon  called  the 
zodiacal  light  ;  which  is  thrown  off  principally,  and  to  the 
greateft  diftance,  from  the  equatorial  parts  of  the  fun,  in  confe- 
quence  of  his  rotation  on  his  axis,  extending  vifibly  in  the  form 
of  a  luminous  pyramid,  as  far  as  the  orbit  of  the  earth ;  and 
which,  according  to  Monfieur  De  Mairan’s  ingenious,  and  at 
leaft,  plaufible  hypothefis,  falling  into  the  upper  regions  of  our 
atmofphere,  is  colledcd  chiefly  towards  the  polar  parts  of  the 

M  m  m  earth, 
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earth,  in  confequence  of  the  diurnal  revolution,  where  it  forms 
the  aurora  borealis  ? 

May  not  the  fun  be  the  fountain  of  the  eledtric  fluid;  and 
the  zodiacal  light,  the  tails  of  comets,  the  aurora  borealis,  light¬ 
ning,  and  artificial  eledtricity  as  its  various,  and  not  very  diflimilar 
modifications  *  ? 

Did  not  the  fulphureous  fmell  draw  our  attention  towards  the 
vitreolic  acid,  the  peculiar  hiding  noife  accompanying  the  eledxic 
blaft,  fpontaneoufly  ifiuing,  for  inftance,  from  the  pointed  wire 
of  a  fully  charged  phial,  appears  rather  to  mimic  the  explofive 
adtion  of  deflagrating  nitre  ;  and  may,  accordingly,  without  much 
violence,  be  fuppofed  to  arife  from  the  nitrous  aerial  acid,  violent¬ 
ly  commenftruating  with  the  phlogifton,  which  it  either  meets 
with  in  the  air,  or  which  is  conveyed  to  it  by  the  ele&rified 
body.  Or,  were  we  to  adopt  the  hypothefis  of  two  diftindt 
eledtric  fluids,  we  might,  by  way  of  temperament,  propofe  as  a 
query,  whether  the  nitrous  acid,  &c.  may  not  be  the  conftant  con¬ 
comitant  of  thofe  explofive  pencils  of  light,  which  are  obferved 
to  dart  from  the  points  of  bodies  replete  with  the  vitreous  eledtri- 
city  ;  while  the  filent  and  languid  luminous  fpecks  (refembling 
the  fmall  tip  of  a  lighted  match)  appearing  on  the  extremities  of 
bodies  endued  with  a  refinous  eledtricity,  may  as  probably  in¬ 
dicate  the  accenfion  of  a  fulphureous  matter,  and  confequently 
the  prefence  of  the  vitreolic  acid,  the  eledlric  fpark  of  explofion, 
appearing  on  the  approach  of  the  two  bodies,  being  confidered 
as  the  effedt,  at  leaft,  in  part  of  the  menftrual  adtion  of  thefe  two 
acids  on  each  other,  &c.  *(* 

*  Monthly  Review,  October  1767,  p.  353.  4  Ibid.  December  1767,  p.  458. 
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II. 


Queries  and  hints  concerning  ELECTRICS  and  CON¬ 
DUCTORS. 


In  what  does  the  difference  between  electrics  and  conductors 
confid?  In  other  words,  what  is  it  that  makes  fome  bodies  perme¬ 
able  to  the  electric  fluid,  and  others  impermeable  to  it  ? 

Are  the  pores  of  electric  bodies  fmaller  than  thofe  of  con¬ 
ductors,  and  do  they  contain  very  much,  or  very  little  of  the 
electric  fluid  ? 

What  is  it  in  the  internal  druflure  of  bodies  that  makes 
them  break  with  a  polifli  ? '  Perhaps  all  folid  electrics  do  fo. 

Has  elafticity  any  connection  with  electricity,  fome  electrics 
being  extremely  elaftic  ? 

What  is  the  reafon  why,  in  fome  of  Mr.  Haukfbee’s  expe¬ 
riments,  the  electric  light  was  vifible  through  a  confulerable 
thicknefs  of  very  opaque  electrics,  as  rolln,  fulphur,  pitch,  See. 
but  not  through  the  thinned  metallic  conductors  ? 

What  fimilarity  is  there  in  the  procefles  of  calcination,  ve¬ 
getation,  animalization,  and  in  fome  meafure  cryflalization  ;  fince 
all  bodies  which  have  gone  through  any  of  thofe  procefles,  and 
perhaps  no  others,  are  found  to  be  electrics  ? 

Are  not  both  electrics  and  conductors  more  perfect  in  their  kind 
in  proportion  to  their  fpeciflc  gravity  ? 

Will  not  water  condut  eletricity  the  bed  in  its  date  of  greated 
condenfation  ;  and  metals  the  lead  in  their  greated  expanilon,  as 
Ihown  by  a  pyrometer  ? 


M  m  m  2 


Com 
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Compare  the  invifible  effluvia  of  water  with  the  invifible 
effluvia  of  a  burning  candle,  and  alio  thofe  proceeding  from  other 
bodies,  with  refped  to  their  power  of  conducing  electricity. 

Observe  what  degree  of  heat  will  difcharge  any  given  de¬ 
gree  of  eledricity,  in  order  to  find  in  what  degree  heat  makes 
air  a  condudor. 


III. 


Queries  and  hints  concerning  EXCITATION. 


What  is  the  difference,  in  the  internal  ftrudure  of  eledrics, 
that  makes  fome  of  them  excitable  by  fridion,  and  others  by 
heating  and  cooling  ? 

w  hat  have  fridion,  heating,  cooling,  and  the  reparation  after 
lofe  contad  in  common  to  them  all  ?  Plow  do  any  of  them  con¬ 
tribute  to  excitation  ?  And  in  what  manner  is  one,  or  the  other 
kind  of  eledricity  produced  by  rubbers  and  eledrics  of  different 

fur  faces  ? 

Is  not  Mr.  iEpinus’s  experiments  of  preffing  two  fiat  pieces  of 
glafs  together,  when  one  of  them  contrads  apofitive  and  the  other 
a  negative  eledricity,  fimilar  to  the  experiments  of  Mr.  Wilcke 
concerning  the  production  of  eledricity  by  the  liquefadion  of 
various  fubfiances  in  others;  when  the  fubftance  which  melts 
and  contrads  is  in  one  fate,  and  that  which  contains  it  is  in  the 
oppofite  ?  And  are  not  both  thefe  cafes  fimilar  to  the  excitation 
-  of  the  tourmalin,  &c.  by  heating  and  cooling?  In  this  cafe 


may 
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may  not  the  tourmalin  and  the  air  adl  upon  one  another  and  be 
in  oppofite  Hates  ? 

Is  not  the  circumftance  common  to  all  thefe  cafes,  fome 
affe&ion  of  that  fpace  near  the  furface  of  the  bodies  in  which 
the  refractive  power  lies  ?  When  bodies  which  have  been  prefled 
together  within  that  fpace  recede  from  one  another,  more  furface, 
and  confequently  more  of  that  fpace  is  made,  doth  not  the  elec¬ 
tric  fluid  flow  into  it  from  that  body  which  has  the  leaf!;  power 
of  retaining  it,  and  which  it  can  permeate  with  the  moft  eafe  ; 
when  not  being  able  to  enter  the  fubftance  of  the  other,  it  refts 
upon  its  furface  ? 

Are  not  the  particles  of  the  eleftric  and  rubber  thrown  into 
a  vibration  in  the  act  of  excitation,  which  makes  frequent  reced- 

ings  of  the  parts  from  one  another,  and  thereby  promotes  the 
effeft  above  mentioned  ? 

What  is  the  real  effect  of  putting  moifture  or  amalgam  up¬ 
on  the  rubber  ?  Do  not  thofe  fubflances  increafe  the  power  of 
excitation,  as  conductors  more  diftant  from  the  fmooth  glafs, 
in  the  gradation  of  electrics,  than  the  furface  of  the  leather  ? 
Or  do  they  only  make  the  rubber  touch  in  more  points,  or  alter 
the  furface  of  the  rubber  ? 

Has  that  difference  of  furface  on  which  colour  depends,  any 
influence  upon  the  power  of  excitation  ? 

The  tourmalin  and  a  veflel  of  charged  glafs  hermetically  fealed 
are  both  excited  by  heating  and  cooling.  What  other  properties 
have  they  in  common  ? 
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IV. 


Queries  and  hints  concerning  ELECTRIFICATION, 


Does  electrification  increafe  the  exhalation  of  vapours  either 
from  cold  or  from  boiling  water  ?  If  it  do,  is  the  increafed  exha¬ 
lation  the  fame  in  all  ftates  of  the  atmofphere  ? 

Does  not  the  electric  matter  pafs  chiefly  on  the  furface  of 
bodies  ? 

I?  the  action  of  electrified  bodies  upon  one  another  more  pro¬ 
perly  an  attraction  or  a  repulfion  ? 

Would  not  continued  electrification  promote  putrefaction? 

In  what  manner  is  the  mutual  repulfion  of  two  bodies  elec¬ 
trified  negatively  performed  ?  Is  it  by  the  attraction  of  the  denfer 
electric  fluid  in  the  neighbourhood,  by  the  quantity  of  it  which 
may  be  fuppofed  to  be  accumulated  on  the  furfaces  of  fuch  bodies 
in  the  manner  defcribed  p.  420,  or  to  the  mutual  repulfion  of  the 
particles  of  matter  of  which  the  bodies  confift  ? 


V. 

Queries  and  hints  concerning  the  power  of  CHARG¬ 
ING  ELECTRICS. 


What  is  the  real  operation  of  conductors  in  coating  electric 
fubftances  ? 


What 
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What  is  the  maximum  of  charging  a  glafs  jar,  with  refpect 
to  the  quantity  of  its  furface,  covered  by  the  coating  ?  It  is  evident 
that  fome  jars  will  difcharge  themfelves,  when  only  a  fmall  part 
at  the  bottom  of  them  is  coated,  and  when  the  explofion  is  very 
inconfiderable. 

Endeavour  to  charge  a  plate  of  glafs  with  the  coating  prefled 
into  aCtual  contact  with  its  furface,  by  means  of  heavy  weights.- 
Alfo  endeavour  to  excite  a  plate  of  glafs  in  the  fame  manner.  It 
ia  pretty  certain  that,  in  the  ufual  method  of  exciting  and  charging, 
tne  real  iubflance  of  the  glafs  is  not  touched ;  and  though  water 
be  attracted  by  glafs ;  it  may  only  be  to  a  certain  diftance  from  it. 


VI. 

Queries  concerning  the  electricity  of  GLASS. 


Through  what  thicknefs  of  glais  will  an  excited  eleCtric,  of 
any  given  ftrength,  attract  and  repel  light  bodies  ?  Is  not  the  fame 
thicknefs  the  limit  of  charging  glafs  with  the  electric  fluid  ? 

Is  not  a  plate  of  glafs  contracted  in  its  dimenfions  by  charging, 
the  two  eledricities  ftrongly  comprefling  it,  fo  as  to  increafe  its 
fpecific  gravity  ? 

Is  the  tone  of  a  glafs  veflel,  made  in  the  form  of  a  bell,  the 

fame  when  it  is  charged  as  when  it  is  uncharged  ?  Or  would  the 

ringing  of  it  make  it  more  liable  to  break  in  thofe  circum- 
flances  ? 

Does  the  eleClric  fluid  with  which  glafs  is  charged  refide  in 
the  pores  of  the  glafs,  or  only  on  its  furface;  or  rather  within 

the 
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the  fpace  that  is  occupied  by  the  power  of  refraction,  i.  e.  a  fmall 
fpace  within,  and  likewife  without  the  furface  ? 

is  the  refra&ive  power  of  glafs  the  fame  when  it  is  charged 
or  excited  ? 

How  does  the  different  refractive  power  of  glafs,  or  its  denfity 
(which  is  probably  in  the  fame  proportion  with  its  refractive 
power)  affect  its  property  of  being  excited  or  charged  ? 

Is  there  not  a  confiderablc  difference  in  glafs  when  it  is  new 
made,  and  when  it  has  been  kept  a  month  or  two,  both  with 
refpect  to  excitation  and  charging  ? 

Let  glafs  of  every  different  compofition  be  tried  both  with 
refpect  to  excitation  and  charging.  Would  it  not  be  found  that 
differences  with  refpect  to  metallic  ingredients,  hardnefs,  anneal¬ 
ing,  continuance  in  fufion,  &c.  would  influence  both  the  proper¬ 
ties  ;  and  that,  in  feveral  cafes,  the  fame  circumflance  that  was 
favourable  to  one  would  be  unfavourable  to  the  other  ? 

Glass  has  hitherto  been  fuppofed  to  be  full  of  the  electric 
fluid,  and  its  impermeability  has  been  accounted  for  upon  the  dif¬ 
ficulty  with  which  the  electric  fluid  moves  in  its  pores.  But 
may  wre  not  fuppofe  the  fubfiance  of  glafs  to  be  abfolutely  imper¬ 
meable  to  electricity,  that  no  foreign  electric  matter  ever  fo  much 
as  enters  a  Angle  pore  of  it,  but  lodges  wholly  on  its  furface  ;  for 
inftance,  between  the  point  of  contact  and  the  real  furface,  or 
within  the  limits  of  the  refractive  power  ;  that  is,  a  little  way 
on  both  fides  the  furface  This  place  is,  I  think,  on  many  ac¬ 
counts,  extremely  convenient  to  difpofe  of  the  electric  matter, 
whether  we  make  it  to  confifl:  of  two  fluids,  or  of  one.  Their 
being  kept  afunder,  if  there  be  two,  or  its  being  prevented  from 
getting  through,  it  there  be  but  one,  will  be  much  eafier  to  con¬ 
ceive  in  this  cafe,  than  upon  the  fuppofition  that  the  electric 
fluid  can  enter  and  move  in  the  fubftance  of  the  glafs,  though  it 
can  only  enter  and  move  with  difficulty,  as  Mr.  iEpinus  exprefies 

it. 
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it.  For,  let  the  motion  be  ever  fo  difficult,  one  would  think 
that  this  circumftance  could  only  make  it  move  fo  much  the  flower, 
and  that,  give  the  electricity  in  the  charged  plate  of  glafs  time 
enough,  and  it  would  at  length,  without  any  external  communi¬ 
cation,  perform  the  journey  to  the  other  fide,  whither  it  has  fo 
ftrong  a  tendency  to  go. 

Mo  reover,  one  would  think,  that*  upon  the  hypothefis  of 
the  admiffion  of  the  electric  fluid  within  the  pores  of  the  glafs, 
when  the  difcharge  of  a  phial  was  actually  made  through  the 
fubftance  of  the  glafs,  it  might  be  in  a  filent  manner,  without 
breaking  the  glafs ;  whereas  when  the  furfaces  of  the  glafs  are 
fuppofed  to  be  violently  prefled,  and  the  pores  of  it  not  in  the 
leaft  entered  by  any  particle  of  the  fluid,  or  fluids,  the  impoffi- 
bility  of  the  electric  charge  getting  through  the  glafs  is  evident,  as 
well  as  the  neceffity  of  its  breaking  the  glafs,  if  it  do  force  a 
paflage* 


VIL 

?  •  ■  *  '  •  t  r  ■  *  f  f  f 

Queries  and  hints  concerning  the  effect  of  ELECTRI¬ 
CITY  on  ANIMAL  BODIES, 


Is  the  fluid  on  which  electricity  depends,  at  all  concerned  in 
any  of  the  functions  of  an  animal  body  ?  In  what  manner  is  the 
pulfe  of  a  perfon  electrified  quickened,  and  his  perfpiration  in- 
creafed  ? 

May  not  the  increafed  perfpiration  of  an  animal  body  be 
greater  in  a  moifl  atmofphere  than  in  a  dry  one,  there  being 

N  n  n  then 
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then  more  conducting  particles  in  the  atmofphere,  to  act  and  react 
upon  the  effluvia  in  the  pores  of  the  body ;  on  which  the  copious 
perfpiration  does,  probably,  in  a  great  meafure,  depend  ? 


VIII, 


Q”  eries  and  hints  concerning  the  electricity  of 

the  ATMOSPHERE. 

A 

In  what  manner  do  the  clouds  become  poffeffed  of  electricity? 

Does  the  wind  in  any  meafure  contribute  to  it? 

Is  it  effected  by  the  gradual  heating  and  cooling  of  the  air? 
If  fo,  whether  is  it  the  heating  or  the  cooling  that  produces 
pofitive  electricity?  Which  ever  it  be,  the  contrary  will  pro¬ 
bably  produce  negative  electricity.  Let  the  experiment  be  made 
by  an  electrical  kite.  Mr.  Canton. 

As  thunder  generally  happens  in  a  fultry  ftate  of  the  air, 
when  it  feems  replenifhed  with  fome  fulphureous  vapours ;  may 
not  the  electric  matter  then  in  the  clouds  be  generated  by  the 
fermentation  of  fulphureous  vapours  with  mineral  or  acid  va¬ 
pours  in  the  air  ?  Mr.  Price. 

Mr.  Wilcke  fuppofes  the  air  to  contract  its  electricity,  in 
the  fame  manner  as  fulphur  and  other  fubftances  do,  when  they 
are  heated  and  cooled  in  contact  with  various  bodies.  Thus  the 
air,  being  heated  or  cooled  in  the  neighbourhood  of  the  earth, 
gives  electricity  to  the  earth,  or  takes  it  from  it ,  and  the  elec¬ 
trified  air,  being  conveyed  upwards,  by  various  means,  commu¬ 
nicates  its  electricity  to  the  clouds  *. 


•  Remarks  on  Franklin’s  Letters,  p.  302, 
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Let  rain,  fnow,  and  hail  be  received  in  infulated  vefTels,  in  dif¬ 
ferent  ftates  of  the  atmofphere,  to  obferve  whether  they  contain 

any  electricity,  and  in  what  degree. 

May  not  the  void  fpace  above  the  clouds  be  always  occupied 
with  an  electricity  oppofite  to  that  of  the  earth  ?  And  may  not 
thunder,  earthquakes,  &c.  be  occafioned  by  the  rufhing  of  the 
electric  fluid  between  them,  whenever  the  redundancy  in  either 
is  exceflive  ?  Is  not  the  aurora  borealis,  and  other  elecirical  me¬ 
teors,  which  are  remarkably  bright  and  frequent  before  earth¬ 
quakes,  fome  evidence  of  this  ? 

Is  not  the  earth  in  a  conftant  Rate  of  moderate  electrification, 
and  is  not  this- the  caufe  of  vegetation,  exhalation,  and  other  the 
moft  important  procefles  in  nature  ?  Thefe  are  promoted  by  in- 
creafed  electrification.  And  is  it  not  probable  that  earthquakes, 
hurricanes,  &zc»  as  well  as  lightning,  are  the  confequence  of  a  too 
powerful  electricity  in  the  earth  ? 

Supposing  earthquakes  to  be  caufed  by  the  difcharge  of  a  re¬ 
dundant  electricity  from  the  furface  of  the  earth,  might  they  not  be 
prevented,  in  countries  fubject  to  them,  by  kites  conftantly  flying 
very  high,  with  wires  in  the  firings,  fo  as  to  promote  an  eafy 
communication  between  the  earth  and  the  upper  regions-  of  the; 
atmofphere  ' 
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Branches  of  knowledge  peculiarly  useful  to  an 

electrician. 


T  N  the  hiftorical  part  of  this  work  I  have  fhown  what  has 
been  done  on  the  fubjeCI  of  electricity,  and  under  the  preced¬ 
ing  defiderata,  I  have  endeavoured  to  give  fome  idea  of  what  yet 
lemains  to  be  done,  with  a  few  hints  concerning  farther  ex— 
peiiments.  In  the  clofe  of  this  part,  I  would  willingly  do  fome— 
thing  more  towards  enabling  my  reader  to  make  farther  ad¬ 
vances  in  electrical  inquiries.  However,  all  that  can  be  done 
in  this  way  muft,  in  its  own  nature,  be  more  imperfeCt  than 
even  the  account  of  the  defiderata :  for  it  is  evident,  that  he 
who  is  able  to  teach  others  to  make  difcoveries  might  make 
them  himfelL  Notwithftanding  this,  it  is  poffible  that  fome  ge* 
neral  observations  may  be  of  ufe  to  this  purpofe;  fuch  for  in- 
fiance  as  Lord  Bacon  makes,  in  his  Novum  Organon ;  a  book 
which,  though  it  contain  few  or  no  philofophical  difcoveries  it- 
felf,  has  contributed  not  a  little  to  the  difcoveries  contained  in 
others.  A  lev/  fuch  general  obfervations,  confined  to  the  fubjeCt 
ot  eledricity,  I  fhall  endeavour  to  fuggefl  in  this  place. 

Jt  is  an  obfervation  which  the  progrefs  of  fcience  daily  con¬ 
firms,  that  all  truths  are  not  only  confiftent,  but  alfo  connected 
with  one  another.  The  obfervation  has,  with  no  fmall  appearance 
of  juftice-,  been  extended  even  to  the  arts ;  there  being  no  two 

of 


Sec.  III.  op  USE  in  ELECTRICITY.  461 

of  them  fo  remote,  but  that  fome  of  the  methods  and  proceffes 
ufed  m  the  one  have  fome  analogy  to  fome  that  are  ufed  in  the 
other.  Hence  the  knowledge  of  one  art  or  fcience  is  fubfervient 
to  the  knowledge  of  others ;  and  no  perfon  can  prefume  that 
he  is  perfectly  mailer  of  any  one,  till  he  has  received  all  the 
•alb fiance  he  can  from,  at  lead,  all  its  fitter  arts  or  fciences. 

.  Indeed  the  very  exiftence  of  the  various  arts  and  fciences 
is  almoft  a  demonftration  of  their  relation  to  each  other.  For  it 
were  highly  unreafonable  to  fuppofe,  that  the  elements  of  any 
new  art  or  fcience  were  difcovered  by  means  independent  of  the 
ltudy  or  praftice  of  thofe  already  known.  As  it  is  by  eafy 
transitions  that  we  pafs  from  one  part  of  any  particular  fcience  to 
another,  fo  it  is  by  tranfitions  equally  eafy  that  mankind  have 
palTed  from  one  diftlnCt  fcience  to  another.  Confequently,  to 
thofe  previoufly  difcovered  arts  and  fciences  mull  we  have  re 
courfe  ln  order  to  underftand  the  full  evidence,  on  which 
the  nrlt  principles  of  any  new  art  or  fcience  reft. 

Electricity  is  by  no  means  an  exception  to  this  general  rule. 
It  has  its  fitter  fciences  as  well  as  others.  In  purfuance  of  them 
were  its  own  principles  firft  difcovered;  and  the  farther  pro- 
fecution  of  eleftrical  experiments  has  fhown  its  connedion  with 
more  fciences  than  it  was  at  firft  apprehended  to  have  any  rela¬ 
tion  to.  Now  the  ftudy  of  all  thefe  cannot  but,  reciprocally,  con¬ 
tribute  to  perfect  and  extend  the  knowledge  of  electricity. 

Gilbert,  the  firft  of  modern  electricians,  was'  led  to  make  his 
electrical  experiments  by  their  relation  to  thofe  of  magnetifm, 
into  which  he  was  profelfedly  inquiring.  The  ftudy  of  chymiftry 
feems-  to  have  led  Mr.  Boyle  to  attend  to  electricity,  as  well  as 
to  other  occult  qualities  of  particular  bodies.  EleCtric  light  was 
confidered  by  all  thofe  who  firft  obferved  it  as  a  fpecies  of  phof- 

phorus  ;  and  with  this  view  was  Mr.  Haukibee  conducted  in  all 
the  experiments  he  made  upon  it. 
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These,  and  other  difcoveries  in  elearicity,  having  been  made 
thus  indirectly,  excited  the  attention  of  philofophers  to  the  fub- 
jed,  and  induced  them  to  fit  down  to  the  ftudy  of  it  in  a  direa 
and  profefled  manner.  Upon  this  it  loon  appeared,  that  eleari¬ 
city  was  no  fecondary,  or  occafional,  but  a  principal,  and  conftant 
agent  in  the  works  of  nature,  even  in  fome  of  its  grandeft  fcenes  ; 
and  that  its  agency,  far  from  being  confined  to  bodies  of  a  par¬ 
ticular  clafs,  extended  its  influence  to  all  without  exception  ;  that 
the  mineral,  vegetable,  and  animal  world,  with  the  human 
frame  in  a  particular  manner,  were  all  fubjeCt  to  its  power  ;  and 
that  eleClrical  experiments  and  principles  enter  into  the  mofl  in- 
terefting  arts  and  fciences  which  have  them  for  their  objeCL 
We  alfo  fee  every  day,  that  electricity  is  extending  itfelf  ftill 
more  into  the  fubjeCts  of  other  fciences,  both  by  means  of  the 
analogy  of  their  operations,  and  alfo  by  their  reciprocal  in¬ 
fluences. 

On  thefe  accounts,  to  be  an  electrician  at  prefent,  requires  a 
much  more  extenfive  fund  of  various  knowledge  than  it  did  but 
ten  years  ago ;  and  a  man  muft  have  a  very  comprehenfive 
knowledge  of  nature  in  all  its  known  operations,  before  he  can 
reafonably  expeCt  to  make  any  farther  difcoveries.  For  it  can 
only  be  by  applying  electricity  to  various  parts  of  nature,  and 
by  combining  its  operations  with  other  operations,  both  of  na¬ 
ture  and  art,  that  any  thing  new  can  be  found  out.  Almofl  all 
that  can  be  done  by  the  common  eleCtrical  machines,  and  the 
ufual  apparatus  of  them,  lias  been  done  already ;  fo  that  we  mufl 
look  farther  in  queft  of  new  difcoveries.  1  hope,  therefore,  that 
1  {hall  be  excufed,  if  I  endeavour  to  give  a  hint  of  that  kind 
of  knowledge  which,  I  apprehend,  may  be  peculiarly  fubfervient 
to  improvements  in  electricity,  and  furnifli  views  and  materials 
for  new  experiments. 


Natural 
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Natural  philosophy  cannot  but  be  of  the  greateft  ufe 
for  this  purpofe ;  but,  of  all  its  branches,  none  promifes  to  be 
of  more  ufe  to  the  electrician  than  chymistry.  Here  feems  to 
be  the  great  field  for  the  extenfion  of  eledrical  knowledge  :  for 
chymiftry  and  eledricity  are  both  converfant  about  the  latent  and 
lefs  obvious  properties  of  bodies;  and  yet  their  relation  to  each 
other  has  been  but  little  confidered,  and  their  operations  hardly 
ever  combined  ;  few  of  our  modern  eledricians  having  been  either 
fpeculative  or  pradical  chymifts. 

Among  other  branches  of  Natural  Phiiofophy,  let  the  dodrine4 
of  LIGHT  and  colours  be  alfo  particularly  attended  to.  It 
was  this  that  Newton  thought  would  be  the  key  to  other,  at 
prefent,  occult  properties  of  bodies. 

Let  particular  attention  be  alfo  given  to  every  thing  that 
the  imperfed  Hate  of  Natural  Phiiofophy  furnifhes  refpeding  the 
atmosphere,  its  compofition  and  affedions.  The  phenomena 
of  lightning  fliow  the  connedion  of  this  fubjed  with  eledricity ; 
and,  probably,  eledricity  may  be  our  key  to  a  much  more  exten- 
five  knowledge  of  meteorology  than  we  are  yet  pofTefled  of. 

The  Ihock  of  the  Leyden  phial,  the  difcovery  of  the  famenefs 
of  lightning  and  eledricity,  together  with  the  cure  of  feveral 
difeafes  by  eledrical  operations,  are  fufficient  to  convince  us  of 
the  fingular  importance  of  the  ftudy  of  anatomy,  and  every 
thing  relating  to  the  animal  oeconomy  to  an  eledrician.  And 
had  phvficians  more  generally  attended  to  eledricity,  as  an  ar¬ 
ticle  of  the  materia  medica,  many  more  important  and  ufeful 
difcoveries  migbs  no  doubt,  have  been  made.  Enow,  however, 
have  been  made  to  excite  us  to  farther  inquiries. 

Mr.  iE?TNUs  has  lately  given  us  an  excellent  fpecimen  of 
what  ufe  m  athematics,  and  efpecially  algebraical  calculations, 
may  be  to  an  eledrician  ;  and  their  ufe  will  probably,  in  time, 
be  found  ftiil  more  extenfive. 
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As  electricity  has  much  to  expert  from  feveral  branches  of 
Natural  Philofophy,  fo  it  will  be  ready,  in  its  turn,  to  lend  its 
afliftance  to  them.  It  already  fupplies  arguments  and  proofs  of 
fome  principles  in  Natural  Philofophy,  which  ftrengthen  thofe 
that  are  drawn  from  other  quarters.  By  eledricity,  as  well  as  by 
the  principles  of  light  and  colours,  we  can  demonftrate,  that 
it  requires  a  conftderable  force  to  bring  bodies  which  are  conti¬ 
guous  to  one  another,  and  even  lie  upon  one  another,  into  adual; 
contad  ;  and  the  moifture  of  the  air  may  perhaps  be  Ihown  to 
more  exadnefs  by  Mr.  Canton’s  eledrical  balls  than  by  any 
other  hygrometer  whatever.  But  I  do  not  mean  to  purfue  this- 
fubjed,  and  only  mention  thefe  cafes  by  way  of  example. 

Upon  the  fubjed  of  the  proper  furniture  for  an  eledrician* 
I  think  it  may  be  juftly  added,  that  a  knowledge  of  mechanics 
will  be  ufeful  to  him  ;  by.  which  I  mean,  upon  this  occafion,  not 
only  the  theory,  but  in  fome  r^eafure  the  pradice  too*  For  with— 
out  fome  mechanical  knowledge  of  his  own  his  eledrical  ma¬ 
chinery  will  be  very  often  out  of  order,  and  but  ill  anfwer  his 
purpofe. 

.  %  >  '  > 

If,  indeed,  a  perfon  mean  nothing  more  than  to  amufe  him— 

felf  and  his  friends  with  the  experiments  that  have  been  made  by 
others  (and  this  is  a  method  of  amufement  which  I  am  far  from 
difcouraging)  the  machines  he  may  purchafe,  ready  conftruded 
to  his  hands,  will  anfwer  his  purpofe  very  well  j  and  the  di- 
redions  which  are  ufually  given  along  with  the  machines  will 
enable  him  to  perform  the  common  experiments  with  tolerable 
certainty  :  and  if  any  damage  fhould  happen  to  his  apparatus, 
a  mathematical  inftrument-inaker  (if  he  happen  to  live  in  or 
near  a  large  town)  can  readily  repair  it  for  him.  But  if  a  man 
propofe  to  ftudy  the  fubjed  of  eledricity  as  a  philofopher,  with 
a  view  to  extend  the  knowledge  of  it,  the  afliftance  of  others  will 
not  be  fufficient  for  him. 
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The  common  ele&rical  machines,  and  the  ufual  eleClrical  ap¬ 
paratus,  will  enable  a  perfon  to  do  little  more  than  exhibit  the 
common  experiments.  If  he  propofe  to  go  farther,  he  mull 
diverfify  his  apparatus  ;  he  muft  often  alter  the  conftruCtion  of 
his  machines,  and  will  find  that  common  workmen  cannot 
execute  any  thing  out  of  their  ufual  way,  without  more  than 
general  directions.  Befides,  unlefs  a  perfon  be  fortunately  fituat- 
ed,  workmen  of  every  kind  cannot  always  be  at  hand,  to  do 
every  little  thing  he  may  want  in  the  mechanical  way,  when¬ 
ever  he  may  happen  to  get  a  hint  of  a  new  experiment  that  re¬ 
quires  it. 

An  electrician,  therefore,  ought  never  to  be  without  the  com¬ 
mon  tools  of  a  cabinet-maker ,  clock,  and  watch-maker ,  at  leaft, 
and  know,  in  fome  meafure,  how  to  ufe  them.  With  refpeCt  to 
glafs,  he  ought,  by  all  means,  to  learn  the  ufe  of  a  blow-pipe , 
the  method  of  drawing  out  and  bending  glafs  tubes,  and  per¬ 
forming,  with  fome  degree  of  dexterity,  other  operations  upon 
glafs,  which  he  will  want  to  ufe  in  a  great  variety  of  forms. 
An  eleCtrician,  thus  furnifhed,  will  be  able,  upon  any  occalion, 
to  ferve  himfelf :  and  the  flownefs  and  blunders  of  mechanics 
do  but  ill  fuit  with  the  ardour  of  perfons  engaged  in  philofophi- 
cal  inquiries. 

It  were  much  to  be  wifhed,  that  philofophers  would  attend  more 
than  they  do  to  the  conftrudion  of  their  own  machines.  We 
might  then  expect  to  fee  fome  real  and  capital  improvements  in 
them  ;  whereas  little  can  be  expected  from  mere  mathematical  in- 
flrument  makers  ;  who  are  feldom  men  of  any  fcience,  and  whofe 
foie  aim  is  to  make  their  goods  elegant  and  portable. 

Formerly,  indeed,  philofophers  were  obliged  to  conftruct 
their  own  machines.  Mr.  Boyle,  Mr.  Haukibee,  and  Dr.  Defa- 
guliers  would  have  done  nothing  by  giving  tradefmen  orders 
for  what  they  wanted.  There  were  no  fuch  things  to  had. 

O  o  o  Neceffity 
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Neceffity  therefore  drove  them  to  the  ftudy  and  practice  of  mecha¬ 
nics,  and  from  their  contrivances  are  derived  almoft  all  the  phi- 
lofophical  inftruments  which  are  now  in  ufe. 

Every  original  genius,  like  them,  mult,  in  this  refpect,  follow 
their  heps.  He  will  extend  his  views  beyond  the  power  of  the 
prefent  machinery,  which  can  only  be  adapted  to  the  prefent  ftate 
of  fcience.  And,  I  think,  one  principal  reafon  of  the  imperfect 
ftate  of  feveral  branches  of  electrical  knowledge  with  us,  may  be 
evidently  traced  to  fome  general  imperfections  in  the  ftructure  of 
all  our  common  machines  in  England;  which  render  feveral  kinds 
of  experiments  very  difficult,  or  almoft  impoflible  to  be  made  ; 
as  may  be  fhown  in  the  next  part  of  the  work,  in  which  1  fhall 
treat  at  large  of  the  conftruction  of  machines,  and  give  the  beft 
directions  I  am  able  for  ufing  them. 

Lastly,  if  an  electrician  intend  that  the  public  fhould  be 
benefited  by  his  labours,  he  fhould,  by  all  means,  qualify  himfelf 
to  draw  according  to  the  rules  of  perspective  ;  without  which 
he  will  often  be  unable  to  give  an  adequate  idea  of  his  expe¬ 
riments  to  others.  There  is  fo  much  beauty  in  the  rules  of 
this  ingenious  art,  and  fo  much  pleafure  in  the  application  of 
them,  that  I  cannot  help  wondering,  that  all  gentlemen  of  a  libe¬ 
ral  education  do  not  take  the  fmall  degree  of  pains,  that  is 
neceflary  to  make  themfelves  mafters  of  it.  All  the  mechanical 
methods  of  drawing,  efpecially  where  a  great  number  of  right 
lines  are  ufed,  as  in  drawing  machines,  &c.  are  exceedingly  im¬ 
perfect,  and  infufficient.  They  admit  not  of  half  the  variety  of 
perfpective  drawings.  They  can  hardly  ever  be  near  fo  correct ; 
befides  that,  I  know  by  experience,  they  take  up  much  more  time, 
and  the  operation  is  exceedingly  flavifh  and  troublefome. 
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SECTION  L 


GENERAL  OBSERVATION  on  the  construction  of  an 

electrical  apparatus. 


IMPROVEMENTS  in  electrical  machines  have,  as  might 
well  be  expected,  kept  pace  with  improvements  in  the  fcience 
of  electricity.  While  nothing  more  than  electrical  attraction  and 
repulfion  were  known,  nothing  that  we  fhould  now  call  an  elettri- 
cal  apparatus  was  neceflary .  Every  thing  that  was  known  might 
be  exhibited  by  means  of  a  piece  of  amber,  fealing-wax,  or 
glafs ;  which  the  philofopher  rubbed  againft  his  coat,  and  pre- 
fented  to  bits  of  paper,  feathers,  and  other  light  bodies  that  came 
in  his  way,  and  coll  him  nothing. 

To  give  a  greater  degree  of  friction  to  electric  fubllances 
Otto  Guericke  and  Mr.  Hauklbee  contrived  to  whirl  fulphur  and 

O  o  o  2  -glais 
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glafs  in  a  fpherical  form  ;  but  their  limited  knowledge  of  electri¬ 
city  did  not  fuggeft,  or  require  the  more  complex  ftructure  of  a 
modern  electrical  machine  :  Mr.  Haukfbee’s  contrivances,  indeed, 
were  excellent,  and  the  apparatus  for  many  of  his  expeiiments 
well  adapted  to  the  purpofes  for  which  they  were  in¬ 
tended. 

When  no  farther  life  could  be  made  of  globes,  philofophers 
had  recourfe  to  the  ealier  and  cheaper  apparatus  of  glafs  tubes, 
and  kicks  of  fulphur  or  fealing-wax  ;  and  the  firlf  conductors  they 
made  ufe  of  were  nothing  more  than  hempen  cords  fupported 
by  filken  lines.  To  thefe,  bars  of  metal  were  foon  fubkituted. 
After  that,  recourfe  was  again  had  to  the  globe,  as  much  more 
convenient  to  give  an  uniform  fupply  of  electric  matter  to  thefe 

infulated  conductors  ;  and,  in  due  time,  a  rubber  was  ufed  to  fup- 

* 

ply  the  place  of  a  human  hand. 

The  difcovery  of  the  Leyden  phial  occafioned  kill  more  ad¬ 
ditions  to  our  electrical  apparatus  ;  and  the  more  modern  difco- 
veries  of  Dr.  Franklin  and  others  have  likewife  made  propor¬ 
tionable  additions  highly  requikte.  No  philofopher,  for  inkance, 
can  now  be  fatisked,  if  he  be  not  able  to  fupply  a  conductor 
from  the  clouds,  as  well  as  from  the  friction  of  his  glals  globes 
or  tubes.  But  having  already  marked  the  progrefs  of  improve¬ 
ments  in  electrical  machines,  as  well  as  in  electrical  fcience,  I 
Ihall  content  myfelf  with  this  brief  recapitulation,  and  proceed  to 
defcribe  what  experience  (in  many  cafes  dear  bought)  has  taught 
me  to  think  the  bek  method  of  conkructing  machines,  and  to  lay 
down  the  bek  rules  for  conducting  electrical  operations. 

Notwithstanding  globes  or  cylinders  are  now  of  the  mok 
extenkve  ufe  in  electrical  experiments,  glass  tubes  are,  never- 
thelefs,  mok  convenient  for  feveral  purpofes,  and  no  electrician 
ought  to  be  without  them.  They  fhould  be  made  as  long  as  a 
perfon  can  ’well  draw  through  his  hand  at  one  broke,  which  is 
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about  three  feet,  or  fomething  more ;  and  as  wide  as  he  can  con¬ 
veniently  grafp.  The  thicknefs  of  the  metal  is  not  material, 
perhaps  the  thinner  they  are,  the  better,  if  they  will  bear  fufficient 
friction  ;  which,  however,  needs  only  to  be  very  gentle,  when 
the  tube  is  in  good  order.  It  is  moft  convenient  to  have  the 
tube  clofed  at  one  end  :  for,  befides  that  the  eledric  matter  is 
thereby  retained  beft  on  its  furface,  the  air  may  more  eafily 
be  drawn  out  of  it,  or  condenfed  in  it,  by  means  of  a  brafs  cap 
fitted  to  the  open  end.  A  tube  thus  furniflied  is  requifite  for  vari¬ 
ous  experiments,  [tf,  PI.  II. J 

The  beft  rubber  that  has  yet  been  found  for  a  fmooth  glafs 
tube  is  the  rough  fide  of  black  oiled  filk,  efpecially  when  a 
little  amalgam  of  mercury  and  any  metal,  is  put  upon  it. 

An  eledrician  fhould  be  furnifhed  with  rough  glafs  tubes, 
i.  e.  tubes  with  their  polifh  taken  off,  as  well  as  with  fmooth  ones ; 
but  a  cylinder  of  baked  wood  will  do  nearly  as  well.  The  beft 
rubber  for  a  rough  glafs  tube,  or  a  cylinder  of  baked  wood,  as 
well  as  for  a  flick  of  fulphur  or  fealing-wax,  is  foft  new  flan¬ 
nel  ;  or  rather  fkins,  fuch  as  hare  fkins,  or  cat  fkins,  tanned 
with  the  hair  on,  being  fmoother,  and  having  a  more  exqui- 
fite  polifh. 

Electricians  are  not  quite  agreed  whether  the  preference  is, 

upon  the  whole,  to  be  given  to  globes  or  cylinders.  In 

favour  of  cylinders  it  is  faid,  that  more  of  their  furface  may  be 

touched  by  the  rubber.  On  the  other  hand,  in  favour  of  globes, 

it  is  faid,  that  they  can  more  eafily  be  blown  true,  fo  as  to  prefs 

the  rubber  equally ;  they  may  alfo  be  made  larger  in  diameter, 

and  by  this  means,  the  axis  (if  they  have  any)  may  be  farther 

from  the  excited  furface  :  for  when  the  axes  are  near  the  furface, 

the  eledric  fire  will  feem  to  ftrike  them,  fo  that  they  will 

fornctimes  appear  luminous  in  the  dark,  and  if  they  be  in- 

* 
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fulated,  the  extremities  of  the  axes  will  give  fparks ;  which  is 
certainly  a  diminution  of  the  ele&ric  fire  at  the  condu&or. 

For  this  reafon,  I  would  advife,  that  all  axes  be  avoided  as  much 
as  poffible,  having  found  by  experience,  that  they  are  in  no  cafe 
whatever  neceflary,  the  largeft  globes  being  whirled  horizontally, 
with  the  greateft  eafe,  and  in  every  refped  to  more  advantage, 
with  one  neck  than  two.  This  method  of  fitting  up  globes  alfo 
makes  ele&ricai  machines  much  lefs  complex,  expenfive,  and 
troublefome. 

Let  every  globe  intended  to  be  thus  fitted  up  have  its  neck 
inclofed  in  a  pretty  deep  brafs  cap,  ending  in  a  dilated  brim,  of 
about  half  an  inch  broad,  if  the  globe  be  a  large  one.  To  this 
neck  let  there  be  fitted  a  fhort  iron  axis,  and  on  that  a  pulley; 
and  let  a  fpace  of  about  three  quarters  of  an  inch  of  the  axis  be 
left  between  the  pulley  and. the  cap.  In  this  place  the  axis  is  to  be 
fupported  by  a  ftrong  brass  arm  (V,  PL  VII.]  proceeding  from 
the  pillar  into  which  the  extremity  of  the  axis  is  put,  and  in  which 
it  turns.  This  brafs  arm  may  be  made  to  receive  globes  of  any 
fize  whatever,  room  being  left  in  it  for  pullies  of  any  fize  that 
may  be  wanted  for  them. 

In  this  manner  globes  may  be  fixed  much  more  truly  than 
they  can  with  two  necks,  and  they  are  mounted  with  much  more 
eafe,  and  lefs  expence.  The  weight  of  large  globes  is  no  objec¬ 
tion  to  this  method.  The  largeft  need  not  to  weigh  above 
eight  or  ten  pounds,  and  thefe  have  been  found  to  tur^  with  great 
eafe  in  this  .planner.  The  rubber,  if  it  be  placed  under  the 
globe,  will  contribute  to  fupport  the  weight  of  it. 

Let  there  be,ahole  made  in  the  brafs  cap  above  mentioned,  in 
order  to  preferve  a  communication  between  the  external  air,  and 
the  air  within  the  globe  :  for  if  the  air  within  the  globe  be  either 
rarer  or  denfer  than  that  without,  the  excitation  is  found  to  be 
lelPened  in  proportion;  and,  judging  from  experience,  nothing 
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is  to  be  apprehended  from  any  moifture  which  might  be  fuppofed 
to  infinuate  itfelf  into  the  globe  by  fuch  a  communication.  A 
difference,  however,  might  be  found  in  a  damp  fituation. 

It  will  be  found  convenient  to  have  the  axis  project  about 
an  inch  beyond  the  pillar  in  which  it  turns,  [as  at  d ,  PI.  VII.] 
that  a  handle  may  be  fitted  to  it,  and  that  it  may  thereby  be 
turned  without  a  wheel,  for  the  greater  variety  of  experi¬ 
ments.  > 

If  an  axis  be  ufed,  let  both  the  extremities  of  it  be  carefully 
turned  in  a  lathe  ;  otherwife  it  will  not  turn  without  a  very  dif- 
agreeable  rattling;  and  let  the  part  within  the  globe  be  made 
round,  and  fmooth,  or  covered  with  fome  eleCtric  fubftance,  to 
prevent  its  taking  off  much  of  the  eleCtric  virtue  of  the 
globe. 

One  of  the  pillars,  in  which  thefe  globes  or  cylinders  with 
two  axes  are  turned,  fhould  be  moveable ;  for  then  a  globe  or 
cylinder  of  any  fize  may  be  ufed,  and  they  fhould  be  made 
high  enough,  and  have  holes  at  fmall  diftances  quite  to  the 
top,  to  take  two  globes  upon  occafion,  one  above  the  other. 
[Plate  VII.] 

It  has  not  yet  been  determined  by  electricians  what  kind  of 
glafs  is  the  fitteft  for  electrical  purpofes,  but  the  heft  flint  is  com¬ 
monly  ufed.  I  have  not  made  fo  many  experiments,  as  I  could 
wifh,  to  afcertain  this  circumftance  ;  as  they  are  both  very  un¬ 
certain  and  expenfive ;  but  I  have  fome  reafon  to  think  that  com¬ 
mon  bottle  metal  is  fitteft  for  the  purpofe  of  excitation ;  at  leaft, 
the  beft  globe  I  have  yetfeen  is  one  that  I  have  of  that  metal.  Its 
virtue  is  certainly  exceeding  great,  and  I  attribute  it  in  part  to  the 
great  hardnefs  of  the  metal,  and  in  part  to  its  exquifite  polifh. 
The  blowing  of  any  thing  fpherical  in  this  metal,  and  efpecially 
the  making  large  globes  fmooth  is  very  precarious  ;  and  they 
can  hardly  be  made  with  tvro  necks. 
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The  globe  above  mentioned  is  about  ten  inches  in  diameter, 
but  nothing'has  been  determined  about  the  bed  fize.  I  have  ufed 
almoft  every.- fize,  from  three  inches  to  near  eighteen  in  dia- 
meter,  without  knowing. what  advice  to  give.  Perhaps  ceteris  pari - 
bus,  twelve  or  thirteen  inches  may  be,  upon  the  whole,  as  conve¬ 
nient  as.  any ;  but  much  larger,  if  they  could  be  whirled  with  the 
fame  eafe,  would  probably  do  better. 

If  a  perfon  chufe  to  have  no  aftiftant,  but  would  turn  the 
globe,  and  manage  the  apparatus  himfelf,  (which  is,  on  many 
accounts,  very  defirable)  it  will  be  moft  convenient  to  have  thp 
axis  of  the  wheel  level  with  the  table  at  which  he  fits.  But 
if  he  chufe  rather  to  hand  all  the  time  he  is  making  his  experi¬ 
ments,  it  fhould  be  railed  proportionably  higher.  It  will,  perhaps, 
be  moft  convenient  to  make  the  diameter  of  the  wheel,  about 
eighteen  inches  ;  and  the  diameter  of  the  pullies  fhould  be  fucli 
as  will  give  them,  at  leaft,  four  or  five  revolutions  for  one  of  the 
wheel.  For  the  globe  fhould  generally  revolve  .  at  leaft  four 
or  five  times  in  a  fecond,  which  :is  much  fwifter  than  it  can 
be  well  tarned  without  a  wheel.  But  if  a  globe  be  very  large, 
a  wheel  is  lefs  neceflary. 

The  wheel  fhould  be  made  moveable  with  refped  to  the  frame 
in  which  the  globes  are  hung,  or  the  frame  fhould.be  moveable 
with  refpeft  to  the  wheel,  to  lint  the  alterations  which  the 
weather  will  make  in  the  length  of  the  firing ,  particularly  if  it  be 
made  of  hemp ;  but  worfted  makes  an  excellent  firing,  and  is  not 
fo  apt  to  alter  with  the  weather,  and  a  leathern  ftrap  is  perhaps 
better  than  either.  If  the  diftance  between  the  wheel  and  the 
pulley  cannot  be  altered,  the  operator  mu  ft  occafionally  moiften 
his  hempen  firing,  in  order  to  make  it  tighter,  which  is,  on  many 
accounts,  very  inconvenient.  Several  grooves  in  the  fame  wheel 
are  very  ufeful,  and  almoft  neceflary,  if  more  than  one  globe  be 
ufed  at  the  fame  time.  If  a  flat  leathern  ftrap  be  not  ufed  they 
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fhould  be  cut  fharp  at  the  bottom ;  as  fhould  alfo  the  grooves 
in  the  pulleys,  that  the  firing  may  lay  fafter  hold  of  them,  and 
that  firings  of  different  fizes  may  be  ufed. 

The  beft  rubbers  for  globes  or  cylinders  are  made  of  red 
bafil  fkins,  particularly  the  neck  part  of  them,  where  the  grain 
is  more  open,  and  the  furface  rather  rough.  That  the  rubber 
may  prefs  the  globe  equally,  it  fhould  be  put  upon  a  plate  of  metal 
bent  to  the  fhape  of  the  globe,  and  be  fluffed  with  any  thing  that 
is  pretty  foft.  Bran  is  good  ;  and  if  the  fluffing  be  a  condu&or, 
as  flax,  it  will  be  better  than  if  it  be  a  non-condu&or,  as  hair,  or 
wool.  It  fhould  reft  upon  a  fpring,  to  favour  any  inequality  there 
may  be  in  the  form  of  the  globe  or  cylinder.  The  beft  pofition 
of  the  rubber,  for  a  variety  of  purpofes,  is  an  horizontal  one,  but 
it  fhould  be  capable  of  being  placed  in  every  variety  of  horizontal 
pofition ;  and  the  fpring  which  fupports  the  rubber  fhould  be 
made  to  prefs  more  or  lefs  at  pleafure.  The  rubber  fhould  be 
made  nearly  as  large  one  way  as  the  other.  If  it  be  made  very 
narrow,  *  fome  parts  of  the  globe  will  pafs  it  without  a  fufficient 
friction.  To  remedy  that  inconvenience,  the  hand  (if  it  be  dry) 
may  be  held  to  the  globe,  juft  before  the  rubber,  to  add  to  its 
breadth  ;  but  that  pofture  is  very  inconvenient. 

It  is  advifable  that  there  be  no  fharp  edges  or  angles  about  the 
rubber,  for  that  would  make  the  infulation  of  it  (which  is  a  mat¬ 
ter  of  great  confequence)  ineffectual,  By  the  infulation  of  the 
rubber  every  electrical  experiment  may  be  performed  with  the 
twofold  variety  of  pofitive  and  negative,  and  a  conductor  be 
made  to  give  or  take  fire  at  pleafure.  This  infulation  is  beft 
made  by  a  plate  of  glafs,  five  or  fix  inches  in  diameter,  [g, 
PI.  VII.]  interpofed  between  the  metallic  part  of  the  rubber 
and  the  fteel  fpring  that  fupports  it.  When  pofitive  electricity 
is  intended  to  be  produced,  a  chain  [«,  PI,  VII,  j  mu  ft  connect  the 
rubber  with  the  floor ;  but  when  negative  electricity  is  wanted, 
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the  chain  mud  be  removed,  and  hung  upon  the  common  con¬ 
ductor,  while  another  prime  condudor  muft  be  conneded  with 
the  rubber  ;  which  will  therefore  be  eledrified  negatively. 

The  bell  method  of  colleding  the  eledric  fire  from  the  globe 
feems  to  be  by  three  or  four  pointed  wires,  [m.  PI.  VII.]  two 
or  three  inches  long,  hanging  lightly  upon  the  globe  ;  and  neither 
fo  light  as  to  be  thrown  off  the  globe  by  eledrical  repulfion 
(which  would  occafion  a  lofs  of  the  eledric  matter)  nor  fo 
heavy  as  to  prevent  their  feparating  to  a  proper  diftance,  and  be¬ 
ing  drawn  backwards  or  forwards,  as  the  mod  effedual  difeharge 
of  the  fire,  accumulated  on  different  parts  of  the  globe,  may  re¬ 
quire.  for  this  purpofe  they  are  beft  fufpended  on  an  open 
metallic  ring.  Needles  with  fine  points  do  admirably  well. 

It  is  requifite,  for  a  variety  of  ufes,  that  the  prime  conduc¬ 
tor  be  fixed  very  Heady.  It  ought  not,  therefore,  to  hang  in 
filken  firings,  but  have  a  folid  fupport.  In  a  dry  fituation  baked 
wood  anfwers  very  well ;  but  a  hollow  pillar  of  glafs  lined  with 
fealing-wax  is  better,  as  it  doth  not  require  fo  much  attention. 

For  common  purpofes  a  fmall  condudor  is  moft  convenient, 
but  where  a  ftrong  fpark  is  wanted,  it  is  proper  to  have  a  large 
condudor  at  hand,  which  may  be  occafionally  placed  in  contad 
with  the  fmaller,  and  be  removed  from  it  at  pleafure.  But  what¬ 
ever  be  the  fize  of  a  prime  condudor,  the  extremity  of  it,  or 
that  part  which  is  moft  remote  from  the  globe,  fhould  be 
made  much  larger  and  rounder  than  the  reft  :  [k.  PI.  VII.]  for  the 
effort  of  the  electric  matter  to  fly  off  is  always  the  greateft  at  the 
greateft  diftance  from  the  globe.  But  for  the  fame  reafon,  if  a 
long  fpark  be  wanted,  the  large  condudor  fhould  terminate  in  a 
imaller  knob,  or  an  obtufe  edge,  at  which  the  fparks  fhould  be 
folicited.  Experience  only  can  inftrud  a  perfon  what  fize  of  a 
knob,  or  what  thicknefs  of  an  edge  is  the  beft  for  the  purpofe. 
In  this  refped,  the  effeds  are  often  very  different  in  the  fame 
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.apparatus,  when  the  difference  in  the  circumstances  is  imper¬ 
ceptible. 

As  the  eledrician  will  have  frequent  occafion  to  infulate  vari¬ 
ous  bodies,  I  would  advife  that  he  make  all  the  hands  and 
{tools  which  he  ufes  for  that  purpofe  of  glafs  tubes  lined  with 
fealing-wax,  though  in  a  dry  fituation  ;  baked  wood,  efpecially 
when  covered  with  a  flight  varnifh,  will  do  very  well. 

The  electrician,  having  thus  conftruded  his  machine,  will 
want  metallic  rods,  [s,  PI.  If]  to  take  fparks  from  his  con- 
dudor  for  various  ufes.  Thefe  Ihould  have  knobs,  larger  or 
fmaller  in  proportion  to  the  curvature  of  the  condudor.  If  the 
knob  be  too  fmall,  it  will  not  difeharge  the  condudor  at  once, 
but  by  degrees,  and  with  a  lefs  fenfible  effed ;  whereas  the  fpark 
between  broad  furfaces  is  thick  and  ftrong. 

The  more  formidable  part  of  an  eledrical  apparatus  confifU 
in  the  coated  glass,  that  is  ufed  for  the  Leyden  experiment 
The  form  of  the  plate  is  immaterial  with  refped  to  the  fliock  ; 
and,  for  different  experiments,  both  plates  of  glafs,  and  jars, 
of  various  forms  and  fizes,  mult  be  ufed.  For  common  ufes,  the 
moil  commodious  form  is  that  of  a  jar,  as  wide  as  a  perfon  can 
conveniently  hold  by  grafping,  and  as  tall  as  it  will  Hand  with¬ 
out  any  danger  of  falling  ;  perhaps  about  three  inches  and 
a  half  in  diameter,  and  eight  inches  in  height.  The  mouth 
fliould  be  pretty  open,  that  it  may  be  the  more  conveniently 
coated  on  the  infide,  as  well  as  the  outfide,  with  tinfoil :  but 
it  will  generally  be  mod  convenient  to  have  the  mouth  nar¬ 
rower  than  the  belly;  for  then  it  may  be  more  eafily  kept 
clean  and  dry,  and  the  cork,  when  one  is  wanted,  will  be  eafler 
to  manage.  But  no  eledrician  would  chufe  to  be  without  a 
great  number  of  jars  of  various  fizes  and  forms,  A  confiderable 
variety  may  be  feen  in  plate  IF  fig,  d,  g,  h ,  t\j,  A  Urn 
form  of  a  coated  plate  of  glafs  is  reprefented  at  i>3  in  the  fame  plate* 
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The  method  of  coating  is  much  preferable  to  that  of  putting 
•water  or  brafs  fhavings  into  the  jars,  which  both  makes  them 
very  heavy,  and  likewife  incapable  of  being  inverted,  which  is 
requifite  in  many  experiments.  Brafs  dull,  however,  or  leaden 
ihot  is  very  convenient  for  fmall  phials.  Thefe  ferve  very  well 
where  it  is  neceflary  to  remove  the  coating  as  foon  as  the  jar  is 
charged,  but,  for  this  purpofe,  quickfilver  will  generally  anfwer 
the  beft.  The  tinfoil  may  be  put  on  either  with  pafte,  gum 
water,  or  bees  wax.  To  coat  the  infides  of  veflels,  which  have 
narrow  mouths,  moiften  the  infide  with  gum  water,  and  then 
pour  fome  brafs  duft  upon  it.  Enough  will  flick  on  to  make 
an  exceedingly  good  coating ;  and  if  nothing  very  hard  rub 
againft  it,  it  will  not  eafily  come  off.  This  brafs  duft,  which 
is  extremely  ufeful  in  a  great  variety  of  electrical  experiments-, 
may  be  had  at  the  pin-makers. 

In  the  conftru&ion  of  an  electrical  battery  I  would 
not,  in  general,  recommend  very  large  jars.  A  number  of  fmaller 
are  preferable  on  feveral  accounts.  If  one  of  thefe  break  by  an 
explofion,  or  be  cracked  by  any  accident,  the  lofs  is  lefs  confider- 
able  j  befides,  by  means  of  narrow  jars,  a  greater  force  (that 
is  a  greater  quantity  of  coated  furface)  may  be  contained  in  lefs 
room ;  and,  as  narrow  jars  may  be  made  thinner,  they  will  be 
capable  of  being  charged  higher  in  proportion  to  their  furface 
than  large  jars,  which  muft  neceflarily  be  made  thick.  The  largeft 
jars  that  the  glafs-men  can  conveniently  make  are  about  feventeen 
inches  in  height ;  and  they  fhould  not  be  more  than  three  in 
diameter,  and  of  the  fame  width  throughout.  Thus  they  may 
be  eafily  coated  both  within  and  without,  and  a  box  of  a  mo¬ 
derate  fize  will  contain  a  prodigious  force:  for  the  jars  being 
coated  within  two  inches  of  the  top,  they  will  contain  a  fquare 
foot  of  coated  glafs  a  piece. 
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The  firft  battery  that  I  conftru&ed  for  my  own  ufe,  confifted 
of  forty-one  jars  of  this  fize  ;  but  a  great  number  of  them 
burfting  by  fpontaneous  difcharges,  I  conftrudted  another,  which 
I  much  prefer  to  it,  and  of  which  a  drawing  is  given  Plate  III. 
It  confifts  of  fixty-four  jars,  each  ten  inches  long,  and  two  inches 
and  a  half  in  diameter,  coated  within  an  inch  and  a  half  of 
the  top.  The  coated  part  of  each  is  half  a  fquare  foot ;  fo  that 
the  whole  battery  contains  thirty-two  fquare  feet.  The  wire 
of  each  jar  has  a  piece  of  very  fmall  wire  twifted  about  the 
lower  end  of  it,  to  touch  the  infide  coating  in  feveral  places  ;  and 
it  is  put  through  a  pretty  large  piece  of  cork,  within  the  jar,  to 
prevent  any  part  of  it  touching  the  fide,  which  would  tend 
to  promote  a  fpontaneous  difcharge.  Each  wire  is  turned  round, 
fo  as  to  make  a  hole  at  the  upper  end ;  and  through  thefe  holes 
a  pretty  thick  brafs  rod  with  knobs  is  put,  one  rod  ferving  for  one 
row  of  the  jars. 

The  communication  between  thefe  rods  is  made  by  laying 
over  them  all  a  thick  chain,  which  is  not  drawn  in  the  plate,  left 
the  figure  fhould  appear  too  confufed.  If  I  chufe  to  ufe  only 
part  of  the  battery,  I  lay  the  chain  over  as  many  rods  as  I  want 
rows  of  jars.  The  bottom  of  the  box,  in  which  all  the  jars  ftand, 
is  covered  with  a  plate  of  tin,  and  a  bent  wire ,  touching  this  plate, 
is  put  through  the  box,  and  appears  on  the  outfide,  as  in  the 
plate.  To  this  wire  is  faftened  whatever  is  intended  to  communi¬ 
cate  with  the  outfide  of  the  battery,  as  the  piece  of  fmall  wire 
in  the  figure,  and  the  difcharge  is  made  by  bringing  the  brafs 
knob  to  any  of  the  knobs  of  the  battery. 

This  is  the  battery  which  I  have  generally  ufed  in  the  expe¬ 
riments  related  in  the  laft  part  of  this  work  ;  though,  when 
I  have  wanted  a  very  great  force,  I  have  joined  both  the  batteries, 
and  even  feveral  large  jars  to  them.  And  it  will  perhaps  be 
allowed  to  be  fome  evidence  of  the  goodnefs  of  this  conftruc- 
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tion,  that  after  ufing  it  fo  much,  I  fee  no  no  reafon  to  wifh  the 
lea  ft  alteration  in  any  part  of  it.  Were  I  to  conftrud  another 
battery,  I  ftiould  take  jars  of  the  very  fame  fize,  and  difpofe 
of  them  in  the  very  fame  manner. 

To  difcover  the  kind  and  degree  of  eledricity,  many  forms  of 
electrometers  have  been  thought  of,  as  the  reader  may  have 
perceived  in  the  courfe  of  the  hiftory;  but  this  bufinefs  is  ftill 
imperfed.  Mr.  Canton’s  balls  are  of  excellent  ufe  both  to  difco- 
ver  fmall  degrees  of  eledricity,  to  obferve  the  changes  of  it  from 
politive  to  negative,  and  vice  verfa  ;  and  to  eftimate  the  force 
of  a  fhock  before  the  difcharge,  fo  that  the  operator  fhall  always 
be  able  to  tell,  very  .nearly,  how  high  he  has  charged  his  jars, 
and  what  the  explofion  will  be  whenever  he  chufes  to  make  it. 

Mr.  Canton’s  balls  (represented  on  a  glafs  ftanding  on 
the  ftool  [c.  Plate  II.]  are  only  two  pieces  of  cork,  or  pith  of  elder, 
nicely  turned  in  a  lathe,  to  about  the  fize  of  a  fmall  pea,  and 
fufpended  on  fine  linen  threads.  It  is  convenient  to  have  thefe 
in  final!  boxes  for  the  pocket;  the  box  being  the  full  length  of 
the  firings,  that  they  may  lie  there  without  being  bent, 

Mr.  Kinnersley’s  eledrometer,  delcribed  p  -04,  is  ufe- 
ful  to  afcertain  how  great  fhocks  have  been,  and  for  many  cu¬ 
rious  experiments  in  eledricity.  A  drawing  is  given  of  it  [r. 
Plate  II.]  but  the  glafs  tube  is  reprefented  as  much  fhorter  than 
it  was  made  by  Mr.  Rinneifley.  I  think  it  in  general  more 
.convenient;  as  the  bore  of  the  fmall  tube  may  eafily  be  propor¬ 
tioned  to  it.  But  if  ,a  perfon  get  one  long  tube,  of  the  fame  iize 
throughout,  it  may  be  cut  into  different  lengths,  and  the  fame 
brafs  caps  will  fit  any  part  of  it. 

At  the  top  of  the  ftand  of  baked  wood  which  fupports  Mr. 
Kinnerfley's  eledrometer,  I  have  fixed  another,  contrived  by  Mr. 
Lane,  to  give  a  number  of  fhocks,  all  of  precifely  the  fame  de¬ 
gree  of  ftrength.  It  confifts  of  a  brafs  rod  furnifhed  with  a 

knob, 
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knob,  which,  by  means  of  a  fine  fcrew,  may  be  fixed  at  any 
difiance  from  the  prime  conductor,  or  any  other  fixed  body 
communicating  with  the  infide  of  a  jar  or  battery  In  confe- 
quence  of  this,  the  jar  or  battery,  with  which  it  is  connected, 
can  be  charged  no  higher  than  the  diftance  at  which  thofe  fix¬ 
ed  bodies  are  placed  will  permit ;  for  at  that  height,  of  the 
charge,  the  explofion  will  always  be  made  between  them. 
See  Mr.  Lane’s  more  particular  defcription  of  this  ufeful  inftru- 
ment  % 

To  the  account  of  thefe  articles  of  an  electrical  apparatus, 
which  muft  be  ufed  within  doors,  it  will  not  be  wholly  in- 
fignificant  to  add,  that  a  ftrong  firm  table  is  highly  requifite* 
For  if  the  table  on  which  the  apparatus  is  difpofed  be  apt  to 
fhake,  a  great  number  of  experiments  cannot  be  performed  to 
advantage. 

In  order  to  repeat  the  noble  experiment  of  the  famenefs  of 
the  eleCtric  fluid  with  the  matter  of  lightning,  and  to  make 
farther  obfervations  on  the  electricity  of  the  atmofphere,  the 
electrician  muft  be  provided  with  a  machine  for  drawing 

electricity  from  the  clouds.  For  the  beft  conftruction 

/ 

of  fuch  a  machine,  take  the  following  directions.  On  the  top 
of  any  building  (which  will  be  the  more  convenient  if  it  ftand 
upon  an  eminence)  ereCt  a  pole  [ a ,  fig.  2.  PI.  I.]  as  tall  as  a  man 
can  well  manage,  having  on  the  top  of  it  a  folid  piece  of  glafs  or 
baked  wood,  a  foot  in  length.  Let  this  be  covered  with  a  tin 
or  copper  veflel  [/>]  in  the  form  of  a  funnel,  to  prevent  its  ever 
being  wetted.  Above  this  let  there  rife  a  long  (lender  rod  [y]  ter¬ 
minating  in  a  pointed  wire,  and  having  a  fmall  wire  twifted  round 
its  whole  length,  to  conduCt  the  electricity  the  better  to  the  fun¬ 
nel.  From  the  funnel  make  a  wire  [ d~\  defcend  along  the  build— 
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ing,  about  a  foot  diftance  from  it,  and  be  conduced  through 
an  open  fafli,  into  any  room  which  fhall  be  mo  ft  convenient  for 
managing  the  experiments.  In  this  room  let  a  proper  condudor 
be  inful ated,  and  conneded  with  the  wire  coming  in  at  the  win¬ 
dow.  This  wire  and  condudor,  being  completely  infulated, 
will  be  eledrified  whenever  there  is  a  confiderable  quantity  of 
electricity  in  the  air ;  and  notice  will  be  given  when  it  is  pro¬ 
perly  charged,  either  by  Mr.  Canton’s  balls,  hung  to  it,  or  by  fuch 
a  fet  of  bells  as  will  be  defcribed  hereafter. 

To  make  thefe  experiments  in  perfed  fafety,  the  eledri¬ 
fied  wire  fhould  be  brought  within  a  few  inches  of  a  conduding 
rod,  that  ferves  to  guard  the  houfe,  that  the  redundant  eledricity 
may  off  pafs  that  way,  without  ftrjking  any  perfon  that  may 
happen  to  (hand  near  it.  The  condudor  to  guard  the  houfe 
fhould  confift  of  one  rod,  between  one  fourth  and  one  half  of  an 
inch  thick,  if  it  be  of  iron,  but  frnaller  if  it  be  brafs  or  copper, 
terminating  upwards  in  a  fharp  point,  about  four  or  five  feet 
above  the  higheft  part  of  the  building  ;  and  below  it  fhould, 
if  poffible,  be  continued  to  fome  well  or  running  water.  Other- 
wife  it  fhould  be  funk  feveral  feet  into  the  ground,  at  the  difiance 
of  fome  yards  from  the  building.  It  is  of  no  confequence 
whether  this  conduding  rod  be  faftened  on  the  infide,  or  outfide 
of  the  houfe,  or  how  many  bendings  are  made  in  it. 

If  the  eledrician  be  defirous  of  making  experiments  upon  the 
eledricity  of  the  atmofphere  to  greater  exadnefs,  he  muft  raife 
a  kite,  by  means  of  a  firing  in  which  a  fmall  wire  is  twilled. 
The  extremity  of  this  line  muft  be  filk,  and  the  wire  muft  ter¬ 
minate  in  fome  metallic  condudor,  of  fuch  a  form  as  fhall  be 
thought  moft  convenient.  Mr.  Roma&’s  experiment  will  per¬ 
haps  convince  my  reader,  that  it  may  be  dangerous  to  raife  this 
kite  at  the  approach  of  a  thunder  fiorm ;  and  upon  this  occa- 
fion  the  common  apparatus  above  defcribed  for  drawing  elec¬ 
tricity 
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tricity  from  the  clouds  will,  probably,  anfwer  this  purpofe  well 
enough. 

But,  with  the  following  apparatus,  I  fhould  apprehend  no  great 
danger  in  any  thunder  dorm.  Let  the  firing  of  the  kite  [a  fig,  3. 
Pi.  I.]  be  wound  upon  a  reel  [/>]  going  through  a  flit  in  a  flat 
board,  faflened  at  the  top  of  itj  by  which  more  or  lefs  of  the 
firing  may  be  let  out  at  pleafure,  Let  the  reel  be  fixed  to  the  top 
of  a  tin  or  copper  funnel  [c]  fuch  as  was  defcribed  above ;  and 
from  the  funnel  let  a  metallic  rod  [*/]  with  a  large  knob  be  pro¬ 
jected,  to  lerve  for  a  conductor.  This  funnel  and  reel  mufl  be 
fupported  by  a  flaff  [c]  the  upper  end  of  which,  at  lead,  mud  be 
well  baked  ;  and  the  lower  end  may  be  made  diarp,  to  thrud  into 
the  ground,  when  the  kite  is  well  raifed. 

The  fafety  of  this  apparatus  depends  upon  the  chain  [/] 
fadened  to  the  daff,  by  a  hook  a  little  below  the  funnel,  and 
dragging  on  the  ground  :  for  the  redundant  lightning  will 
drike  from  the  funnel  to  the  chain,  and  fo  be  conducted  as 
far  as  any  one  chufes,  without  touching  the  perfon  who  holds 
the  daff. 

Sparks  may  be  taken  from  the  conductor  belonging  to  this 
apparatus  with  all  fafety,  by  means  of  a  fmall  rod  of  baked 
wood  [a  bg.  4.]  furnidied  with  a  fmall  funnel  [<£]  and  a  brafs  rod 
|V]  and  a  chain  connected  with  it ;  for  the  lightning  which  brikes 
the  rod,  will  pafs  by  the  funnel  and  the  chain,  without  touch- 
ing  the  perfon  who  holds  the  rod. 

Mr.  Hartman,  in  the  conbruCtion  of  his  apparatus  for  ob- 
ferving  the  eleClricity  of  the  atmofphere  with  fafety,  makes 
ufe  of  long  dlken  brings  to  fupport  his  metallic  rod. 
Thefe,  therefore,  require  a  large  died,  fadened  to  the  rod  above 
them,  to  keep  them  dry.  And,  led  the  rain  that  falls  upon 
this  died  diould  carry  off  all  the  eleClricity,  he  makes  a  chan- 
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nel  all  round,  which  receives  the  rain ;  and  thence  he  conveys 
it,  under  the  died,  into  an  infulated  receptacle  *.  But  I  cannot 
help  thinking  this  complex  apparatus  unneceflary,  efpecially  if  a 
folid  dick  of  glafs  and  a  fmall  cover  be  ufed,  indead  of  the  fdken 
Brings  and  large  Ihed. 

?  Anmerkungen,  &c.  p.  38. 


SECTION 


(  483  ) 


SECTION  II. 


A  description  of  some  PARTICULAR  ELECTRICAL 

MACHINES,  WITH  OBSERVATIONS  ON  THEIR  PRINCIPAL 
ADVANTAGES  AND  DEFECTS. 


F  T  E  R  this  general  account  of  the  conftrudion  of  elcc- 


j£jL  drical  machines,  and  the  principal  parts  of  an  eledrical 
apparatus,  my  reader  may  perhaps  expert  a  more  particular  ac¬ 
count  of  fome  of  the  principal  varieties  with  which  they  are  ufually 
made.  And  though  it  may  be  prefumed,  from  what  has  been 
advanced  upon  that  head,  that  any  perfon  might  judge  for  him- 
lelf,  I  fhall  endeavour  to  gratify  thofe  who  are  willing  to  pro¬ 
vide  themfelves  with  an  eledrical  machine,  by  giving  draw¬ 
ings  and  defcriptions  of  fome  of  the  bell  conftrudions  that  have 
fallen  under  my  notice,  obferving  what  I  apprehend  to  be  their 
feveral  advantages  and  defeds. 

.  I  shall  begin  with  Mr.  Haukfbee’s  machine  [Plate  IV.  fig. 
i.]  which  is  an  excellent  conftrudion  confidering  the  Rate  of  elec¬ 
tricity  in  his  time.  The  drawings  annexed  will  render  a  very 
particular  defcription  of  this,  or  the  other  machine,  unneceflary. 
This  has  no  rubber,  no  prime  condudor,  or  field  for  making  ex¬ 
periments  ;  for  no  fuch  things  were  wanted  in  his  time :  but  it 
may  be  eafdy  accommodated  with  them  all.  A  condudor  may 
hang  from  the  deling,  a  rubber  may  be  fupported  by  a  iprmg 
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fixed  under  the  globe,  and  a  table  placed  near  the  machine,  may 
receive  the  apparatus  neceflary  for  making  experiments.  The 
inconveniencies  of  this  conflruction  are,  that  the  operator  cannot 
well  turn  the  wheel  himfelf.  A  fervant  is  therefore  neceffary,  who 
muft  fit  to  his  work.  The  machine  admits  only  of  one  globe, 
or  cylinder,  which  muft  have  two  necks ;  though  it  admits  of  a 
confiderable  variety  of  fuch,  and  it  is  by  no  means  portable. 

The  Abbe  Nollet’s  machine  [Plate  IV.  fig.  2.]  refembles  the 
greateft  number  of  the  electrical  machines  that  were  ufed  about 
the  time  that  the  Leyden  phial  was  difcovered.  Thefe  wrere  the 
machines,  heavy  and  unweildy  as  they  feem,  that  were  gene¬ 
rally  carried  from  place  to  place,  when  eledrical  experiments 
made  a  gainful  bufinefs,  and  would  bear  the  expence  of  the  con¬ 
veyance. 

In  thofe  early  times,  eledricians  had  no  idea,  that  it  was 
poffible  to  make  the  globe  revolve  too  fwiftly.  They,  there¬ 
fore,  made  their  wheels  exceedingly  large,  and  the  frame  of  the 
machine  proportionably  ftrong.  The  globe  was  generally  rubbed 
by  the  hand,  the  condudor  was  a  bar  of  iron,  or  generally  a 
gun  barrel,  fufpended  in  filken  lines  from  the  top  of  the  room, 
and  the  apparatus  was  difpofed  on  an  adjoining  table. 

These  machines  are  now  univerfally  laid  afide,  being  more 
fit  for  a  large  laboratory  than  a  private  fiudy.  Befides,  they 
necefTarily  require  an  afliftant,  and  do  not  admit  of  half  the 
variety  in  the  difpofition  of  the  principal  parts  of  the  con- 
firudion,  which  the  variety  of  experiments  now  demands. 

About  the  time  that  Mr.  Boze’s  beatification  was  talked  of, 
eledricians  were  very  defirous  of  exciting  a  very  great  power  of 
electricity ;  though,  having  no  method  of  accumulating,  or  pre- 
ferving  it,  it  was  difperfed  as  foon  as  raifed.  The  machine  re- 
prefented  in  Plate  V .  fig.  1.  was  a  contrivance  of  Dr.  Watfon’s,  to 
whirl  four  large  globes  at  a  time,  and  unite  the  power  of  them  all. 

1  can- 
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I  CANNOT  help  regretting  that  no  fuch  machines  as  thefe 
are  conftruded  at  this  day*  when,  by  means  of  eledrical  bat¬ 
teries,  fo  great  a  power  might  be  preferved,  and  employed  to 
the  greateft  purpofes*  I  with  the  Dodor  would  refit  the  machine 
here  defcribed,  if  it  be  yet  in  being,  and  conftrud  a  battery 
pioportioned  to  it.  But  I  fhould  rejoice  more  to  fee  a  ma¬ 
chine  moving  by  wind  or  water,  turning  twenty  or  thirty  globes, 
and  charging  eledrical  batteries  adequate  to  them.  I  make  no 
doubt  but  that  a  full  charge  of  two  or  three  thoufand  fquare  feet 
of  coated  glafs  would  give  a  {hock  as  great  as  a  fingle  common 
flafh  of  lightning.  They  are  not  philofophers  who  will  fay,  that 

nothing  could  be  gained,  and  no  new  difcoveries  made  by  fuch 
a  power. 

Plate  V.  fig.  2.  exhibits  a  machine  which  Mr.  Wilfon  con- 
ftruded,  about  the  time  above  mentioned.  It  is  much  more  com¬ 
modious  than  any  that  had  been  contrived  before,  as  all  the  parts 
are  brought  within  a  moderate  compafs  ;  fo  that  the  fame  perfon 
may  turn  the  wheel,  and  condud  the  experiments. 

Its  inconveniences  are,  that  it  admits  but  little  variety  of 
globes  or  cylinders,  and  both  thefe  and  the  rubber  are  not  fuffi- 
ciently  diftant  from  other  bodies.  The  rubber  is  not  ififuJated, 
and  the  condudor  is  unfteady.  This  machine  has  a  frame  {landing 
upon  the  ground,  but  the  general  conftrudion  may  be  preferved, 
and  the  machine  be  made  to  fcrew  to  a  table.  Some  I  have  feen 
which,  by  this  means,  were  made  very  portable  ;  and  a  box 
was  contrived  in  the  infide,  to  contain  the  apparatus. 

Of  the  more  modern  conftrudions  (of  which  there  is  an  endlefs 
variety)  the  more  elegant  are  thofe  in  which  the  globe  is  turned 
by  tooth  and  pinion.  This  reduces  the  wheel  work,  contained 
in  the  box  [a  PI.  VI.  fig.  1  ]  to  an  exceedingly  fmall  compafs, 
and  gives  the  workmen  an  opportunity  of  making  the  machine 
all  in  brafs,  very  elegant,  and  portable.  But  I  objed  to  them, 
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as  liable  to  accidents,  which  eledricians  in  general  cannot  eafily 
repair ;  and  I  would  with  philosophers  to  be  as  independent  as 
poffible  of  all  workmen.  The  conductor  belonging  to  machines 
of  this  confirudion  is  generally  hung  in  filk,  fupported  either  by 
wooden  pillars  in  a  frame,  as  in  the  figure  annexed,  or  by  two 

brafs  arms  extending  from  the  machine. 

These  machines  are  certainly  very  commodious  for  fcrewing 
to  a  table.  They  require  no  afiifiant,  and  they  admit  of  the  ex¬ 
periments  being  made  in  a  fitting  poftuic  ;  which  is  a  great 
recommendation  of  a  machine,  to  thofe  perfons  who  chufe  to  do 
things  with  little  trouble,  and  who  are  fond  of  a  ftudious  feden- 
tary  life.  This  confirudion  admits  of  very  little  variety  in 
the  fize  or  number  of  globes,  and  hardly  of  a  glafs  veflfel  of 
any  other  form.  But  the  greateft  inconvenience  attending  it,  is 
the  upright  pofition  of  the  globe  and  rubber,  whereby  every  thing 
put  upon  it  is  apt  to  flip  down ;  and  the  rubber  is  not  infulated. 

In  the  machine  reprefented  in  Plate  VI.  fig.  2.  and  which 
was  invented  by  Mr.  Read,  mathematical  inftrument  maker  at 
the  quadrant  in  Knightfbridge,  Hyde-park,  a  cylinder  Hands 
perpendicular  to  the  horizon,  fupported  by  a  brafs  bow,  which 
receives  the  upper  end  of  the  axis ;  and  motion  is  given  to  it  by 
means  of  a  pulley  at  the  lower  end  of  the  axis,  and  a  wheel 
which  lies  parallel  to  the  table.  The  conductor  [a]  is  furnilhed 
with  points  to  colled  the  fire,  and  it  is  fcrewed  to  the  wire  of  a 
coated  jar  [b],  Handing  in  a  focket,  between  the  cylinder  and 
the  wheel.  One  machine  of  this  kind  I  have  feen,  in  which  the 
cylinder  and  the  wheel  were  not  feparated  by  the  condudor. 

This  confirudion  is  peculiarly  ufeful  to  phyficians  and  apo¬ 
thecaries  ;  and,  with  Mr.  Lane’s  eledrometer  [c]  annexed  to  it 
(the  figure  of  which  he  has  given  me  leave  to  infert  in  the  draw¬ 
ing  annexed,  taken  from  his  own  machine)  as  many  {hocks  as 
are  requifite  may  be  given,  of  precifely  the  fame,  and  any  degree 
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of  force,  without  any  change  of  poflure,  either  in  the  patient 
or  the  operator,  who  has  nothing  to  do  but  turn  the  wheel, 
without  fo  much  as  touching  any  other  part  of  the  apparatus. 

When  this  machine  is  ufed  for  firriple  electrification,  and  other 
purpofes  where  the  fhock  is  not  required  ;  the  coated  jar  muft  be 
taken  away,  and  another  jar,  without  any  coating,  put  in  its 
place.  By  this  means  the  conductor  is  fixed,  which  is  a  very 
great  advantage,  and  which  few  machines  are  pofleffed  of.  But 
thefe  machines,  befides  that  they  admit  no  variety  of  globes 
or  cylinders,  and  no  infulation  of  the  rubber,  require  a  motion 
of  the  arm,  which  I  Ihould  think  not  quite  eafy. 

The  ingenious  Dr.  Ingenhoufz  of  Vienna,  and  alfo  Mr.  Ramf- 
den,  mathematical  inftrument  maker  in  the  Hay  market,  each 
independent  of  the  other,  conflrudted  a  machine  in  which  fridtion 
4s  not  given  to  any  kind  of  hollow  glafs  veifel  whatever  ;  but  to 
a  circular  plate  of  glafs ,  generally  about  nine  inches  in  diameter. 
This  plate  turns  vertically,  and  rubs  againft  four  cufhions,  each 
an  inch  and  a  half  long,  placed  at  the  oppofite  ends  of  the 
vertical  diameter.  The  conductor  is  a  brafs  tube,  has  two  ho¬ 
rizontal  branches  coming  from  it,  reaching  within  about  half 
an  inch  of  the  extremity  of  the  glafs,  fo  that  each  branch  takes 
off  the  ele&ricity  excited  by  two  of  the  cufhions. 

This  conflrudtion  is  original  and  ingenious,  but  the  cufhions 
cannot  eafily  be  infulated,  and  a  plate  of  glafs  is  much  more 
liable  to  injuries  than  a  globe,  or  even  a  cylinder. 

Mr.  Wesley’s  people,  I  believe,  generally  ufe  a  machine 
in  which  two  cylinders  are  turned  by  the  fame  wheel  :  but  one 
that  I  faw,  in  the  poffeffion  of  a  very  intelligent  perfon  of  that 
perfuafion,  had  the  cylinders  and  rubbers  fo  confined  in  a  chefi, 
that,  though  it  might  do  very  well  for  medical  ufes,  it  was 
very  ill  adapted  to  the  purpofes  of  philofophy. 

*  i  - 
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But  the  machine  which  I  would  advife  a  philofopher  to  con- 
ftrudt  for  his  own  ufe,  is  that  of  which  a  drawing  is  given, 
Plate  VII.  This  co^ftru&ion  is  the  refult  of  my  beft  attention  to 
this  fubjeft.  I  have  ufed  it  above  fix  months  (how  much  1  leave 
the  reader  to  imagine)  without  feeing  the  lead;  reafon  to  make 
any  alteration  of  confequence  in  it ;  and  believe  it  to  have  almoft 
all  the  advantages,  which  an  ele&rical  machine  defigned  for 
the  clofet  can  have.  The  reader  will,  therefore,  allow  me  to 
be  a  little  longer  in  the  description  of  it  than  I  have  been  of 

the  reft.  *.  '  >  i;:  :V  ■  i  : 

The  frame  confifts.  of  two  ftrong  r boards]  of  mahogany  [a  a] 

of  the  fame  length,  parallel  to  one  another,  about  four  inches 
afunder  •,  and  the  lower  is  an  inch  on  each  fide  broader  than 
the  upper.  In  the  upper  board  is  a  groove ,  reaching  almoft  its 
whole  length.  One  of  the  pillars  [b],  which  are  of  baked 
wood,  is  immoveable,  being  let  through  the  upper  board,  ana 
firmly  fixed  in  the  lower,  while  the  other  pillar  hides  in  the 
groove  above  mentioned,  in  order  to  receive  globes  or  cylinders 
of  different  fizes ;  but  it  is  only  wanted  when  an  axis  is  ufed. 
Both  the  pillars  are  perforated  with  holes  at  equal  diftances,  from 
the  top  to  the  bottom;  by  means  of  which  globes  may  be 
mounted  higher  or  lower  according  to  their  fize  ;  and  they  are 
tall,  to  admit  the  ufe  of  two  or  more  . globes  at  a  time,  one  above 
the  other.  Four  of  a  moderate  fize  may  be  ufed,  if  t\yo  be  fix~ 
ed  on  one  axis;  and  the  wheel  has  feveral  grooves  for  that 
purpofe. 

If  a  globe  with  only  one  neck  be  ufed,  as  in  the  plate,  a 
brass  arm  with  an  open  focket  [/]  is  neceffary  to  iupport 
the  axis  beyond  the  pulley;  and  this  part  ns  alfo  contrived  to 
be  put  higher  or  lower,  together  with  the  brafs  focket  in  which 
the  axis  turns.  The  axis  [//]  is  made  to  come  quite  through 
the  pillar,  that  it  may  be  turned  by  another  handle,  without 
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the  wheel,  if  the  operator  chufes.  The  frame,  being  fcrewed 
to  the  table,  may  be  placed  nearer  to,  or  farther  from  the  wheel, 
as  the  length  of  the  firing  requires,  in  'different  hates  of  the 
weather.  The  wheel  is  fixed  in  a  frame  by  itfelf  [c],  by  which 
it  may  have  any  fituation  with  refpeCt  to  the  pulley,  and  be  turn¬ 
ed  to  one  fide,  fo  as  to  prevent  the  firing  from  cutting  itfelf. 
The  hinder  part  of  this  frame  is  fupported  by  a  foot  of  its  own. 

The  rubber  [/]  con  lifts  of  a  hollow  piece  of  copper,  filled 
with  horfe  hair,  and  covered  with  a  bafil  {kin.  It  is  fupport¬ 
ed  by  a  focket,  which  receives  the  cylindrical  axis  of  a  round 
plate  of  glafs  [g],  the  oppofite  part  of  which  is  inferted  into  the 
focket  of  a  bent  fieel  fpring  [//].  Thefe  parts  are  ealily  feparated, 
fo  that  the  rubber,  or  the  plate  of  glafs  that  ferves  to  infulate 
it,  may  be  changed  at  pleafure.  The  spring  admits  of  a  two¬ 
fold  alteration  of  pofition.  It  may  be  either  flipped  along  the 
groove,  or  moved  in  the  contrary  direction,  fo  as  to  give  it  every 
defirable  pofition  with  refpeCt  to  the  globe  or  cylinder  j  and  it  is, 
befides,  furnifhed  with  a  [crew  [/],  which  makes  it  prefs  harder  or 
lighter,  as  the  operator  chufes. 

The  prime  conductor  [k]  is  a  hollow  veflel  of  polifhed 
copper,  in  the  form  of  a  pear,  fupported  by  a  pillar,  and  a 
firm  bafis  of  baked  wood,  and  it  receives  its  fire  by  means  of 
a  long  arched  wire ,  or  rod  of  very  foft  brafs  [/],  eafily  bent  into 
any  fhape,  and  raifed  higher  or  lower,  as  the  globe  requires  ; 
and  it  is  terminated  by  an  open  ring ,  in  which  are  hung  fome 
jharp  pointed  wires  \m\  playing  lightly  on  the  globe  when  it  is  in 
motion.  The  body  of  the  conductor  is  furnifhed  with  holes  ^  for 
the  infertion  of  metallic  rods,  to  convey  the  fire  wherever  it  is 
wanted,  and  for  many  other  purpofes  convenient  in  a  courfe  of 
electrical  experiments.  The  conductor  is,  by  this  means,  fteady, 
and  yet  may  be  eafily  put  into  any  fituation.  It  collects  the 
fire  perfectly  well,  and  (what  is  of  the  greateft  confequence, 
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though  but  little  attended  to)  retains  it  equally  every 
where. 

When  pofitive  electricity  is  wanted,  a  wire,  or  chain,  as  is  re¬ 
prefented  in  the  plate  [«]  connects  the  rubber  with  the  table  or 
the  floor.  When  negative  electricity  is  wanted,  that  wire  is  con¬ 
nected  with  another  conductor  fuch  as  that  reprefented  [/,  PI.  II.] 
while  the  conductor  in  Plate  VII.  is  connected  by  another  wire 
or  chain,  with  the  table.  If  the  rubber  be  made  tolerably  free 
from  points,  the  negative  power  will  be  as  ftrong  as  the  pofitive. 
In  this  machine  I  do  not  know  which  is  the  flronger  of  the 
two. 

In  fhort,  the  capital  advantages  of  this  machine  are,  that 
glafs  veflels,  or  any  other  eleCtric  body,  of  any  fize  or  form, 
may  be  ufed,  with  one  neck,  or  two  necks  at  pleafure ;  and 
even  feveral  of  them  at  the  fame  time,  if  required.  All  the 
eflential  parts  of  the  machine,  the  globe,  the  frame ,  the  wheel, 
the  rubbery  and  conduBor,  are  quite  feparate;  and  the  pofition  of 
them  to  one  another  may  be  varied  in  every  manner  poflible. 
The  rubber  has  a  complete  infulation,  by  which  means  the  ope¬ 
rator  may  command  either  the  negative  or  the  pofitive  power, 
and  may  change  them  in  an  inftant.  The  conductor  is  fleady, 
and  eafily  enlarged,  by  rods  inferted  into  the  holes,  with  which 
it  is  furniflied,  or  by  the  conjunction  of  other  conductors,  in 
order  to  give  larger  fparks,  &c.  The  wheel  may  be  ufed  or  not 
at  pleafure ;  fo  that  the  operator  may  either  fit,  or  fland  to 
his  work,  as  he  pleafes ;  and  he  may,  with  the  utmoft  eafe,  both 
manage  the  wheel  and  his  apparatus. 

The  machine  reprefented  in  [PI.  VIII.]  is  conftruCted  on  the 
fame  general  principles  with  the  laft.  It  is  inferior  to  it  in  one 
refpeCt,  that  it  admits  only  of  globes  or  cylinders  with  one  neck, 
but  thefe  are  far  preferable  to  any  other ;  and  it  is  much  more 
commodious  lor  ufe,  as  it  doth  not  require  any  ftrong  table 
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like  the  other.  It  confifts  of  a  pillar  of  mahogany  [Vj  {land¬ 
ing  upright  on  three  feet.  This  pillar  divides  in  two  places,  to 
receive  a  wheel  in  the  lower  part  of  it,  and  in  the  upper  part 
a  pulley  [ c ]  which  is  turned  by  a  leathern  ftrap  [d~\  tightened  by 
means  of  a  ftnall  buckle.  In  the  center  of  the  pulley  is  a  ftrong 
iron  fpindle,  turning  in  two  firm  brafs  fockets,  fattened  to  each 
fide  of  the  pillar.  In  one  of  thefe  fockets  the  extremity  of  the 
fpindle  turns  upon  a  center,  by  means  of  a  piece  of  iron  [<?]  fcrewcd 
into  it,  while  the  other  is  held  tight  by  a  brafs  clafp,  which 
may  be  made  to  hold  it  clofer,  or  more  loofely,  at  pleafure,  by 
means  of  a  fcrew  [ /].  The  iron  fpindle  terminates  in  a  male 
fcrew,  anfwering  to  a  female  fcrew  in  the  brafs  cap  of  the  globe 
[g]  ;  and  by  this  means  any  globe  may  be  taken  out,  and  an¬ 
other  put  into  the  machine  with  very  little  trouble,  if  thefe  parts 
be  always  made  to  the  fame  pattern. 

The  rubber  [/;]  is  feparated  from  the  fpring  [/]  by  a  plate  of 
glafs  [/],  which  effectually  infulates  it;  but  the  chain  [/£]  con¬ 
nects  them  together  when  pofitive  electricity  is  wanted,  as  in  the 
ufual  method  of  electrifying.  The  fpring  may  be  made  to  prefs 
more  or  lefs,  by  means  of  a  fcrew  [/] ;  and  it  may  be  railed 
higher  or  lower,  to  fuit  globes  of  different  fizes,  by  means  of 
a  contrivance  which  is  not  reprefented  in  the  plate. 

The  prime  conductor  m,  ji,  o>  is  the  fame  as  in  PI.  VII. 
From  the  fame  board  which  fupports  it,  arifes  another  pillar,  at 
the  top  of  which  is  Mr.  Lane’s  electrometer ;  the  knob  of  which 
[/;]  may  be  placed  as  near  to  the  knob  oppofite  to  it  on  the  prime 
conductor  [q]  as  is  defired,  by  means  of  the  graduated  part  [r]. 
But  the  whole  of  this  may  be  taken  away  when  it  is  not  wanted. 

When  negative  electricity  is  defired,  the  chain  [k]  muff  be 
removed  from  the  rubber,  and  hung  upon  the  prime  conductor,  fo 
as  to  conneCt  it  with  the  table ;  and  a  fhort  brafs  rod,  with  a 
knob  at  the  end  of  it,  muft  be  fcrewed  into  a  fmall  focket,  which 
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will  be  found  in  tlie  rubber  above  the  plate  of  glafs.  This  brafs 
rod  will  then  ferve  for  a  negative  prime  condudor  ;  for,  in  this 
fituation,  when  the  wheel  of  the  machine  is  turned,  this  rod, 
being  infulated  (together  with  the  rubber,  through  which  all 
the  eledric  fire  paffes  to  the  globe)  will  receive  fparks  from  what¬ 
ever  is  prefented  to  it,  and  therefore  eledrify  negatively. 

As  it  requires  fome  dexterity  and  experience  to  turn  the  ma¬ 
chine,  {landing  on  three  feet  only,  without  fhaking  it;  fmall 
plates  of  brafs,  upon  which  the  edges  of  heavy  weights,  made  of 
lead  or  iron,  may  be  placed,  are  faftened  to  two  of  them  ;  but 
a  large  board  may  be  firmly  fcrewed  under  all  the  feet,  or  various 
other  methods  may  be  ufed,  whereby  the  pillar,  which  fupports 
the  machine,  may  (land  as  firm  as  a  perfon  chufes. 
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AS  the  chapter  I  am  now  entering  upon  is  profefledly  de- 
figned  for  the  ufe  of  young  electricians,  it  is  hoped  that 
the  proficient  will  excufe  my  inferting  a  few  plain  and  trite 
maxims ;  which,  though  they  be  fuperfluous  with  refpeCt  to  him, 
may  not  be  fo  to  all  my  readers.  The  greatefl  electricians  (who 
are  generally  thofe  who  have  had  the  feweft  inftruCtions)  may 
remember  the  time  when  the  knowledge  of  a  rule  or  maxim, 
which  they  would  perhaps  fmile  to  fee  in  a  book,  would  have 
faved  them  a  great  deal  of  trouble  and  expence ;  and  it  is  hoped 
they  will  not  envy  others  acquiring  wifdom  cheaper  than  they 
did.  In  a  general  treatife,  every  man  has  an  equal  right  to 
expeCt  to  find  what  he  wants  ;  and  it  is  for  the  intereft  of 
the  fcience  in  general,  that  every  thing  be  made  as  eafy  and 
inviting  as  pofiible  to  beginners.  It  is  this  circumfiance  only  that 
can  increafe  the  number  of  electricians,  and  it  is  from  the  in- 
creafe  of  this  number  that  we  may  moft  reafonably  expeCt  im¬ 
provements  in  the  fcience. 

When  the  air  is  dry,  particularly  when  the  weather  is  frofiy, 
and  when  the  wind  is  North,  or  Eaft,  there  is  hardly  any  electri¬ 
cal 
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cal  machine  but  will  work  very  well.  If  the  air  be  damp,  let  the 
room  in  which  the  machine  is  ufed  be  well  aired  with  a  fire,  and 
let  the  globe  and  every  thing  about  it  be  made  very  dry,  and  it 
may  be  made  to  work  almofl:  as  well  as  in  the  bed  Rate  of 
the  air. 

When  a  tube  is  ufed,  the  hand  fhould  be  kept  two  or  three 
inches  below  the  upper  part  of  the  rubber  ;  otherwife  the  electri¬ 
city  will  difeharge  itfelf  upon  the  hand,  and  nothing  will  remain 
upon  the  tube  for  eleCtrical  purpofes. 

A  little  bees  wax  drawn  over  the  furface  of  a  tube  will 
greatly  increafe  its  power.  When  the  tube  is  in  very  good  or¬ 
der,  and  highly  excited,  it  will,  at  every  ftroke,  throw  off  many 
pencils  of  rays  from  its  furface,  without  the  approach  of  any 
conductor,  .except  what  may  float  in  the  common  atmofphere. 

It  has  been  the  cuftom  of  many  electricians  to  line  their 
globes  with  fealing  wax,  or  fome  other  eleCtric  fubftance,  in  order 
to  make  them  aCt  with  more  eafe  and  vigour.  Mr.  C.  L.  Epinafie 
gives  the  following  receipt  for  an  eleCtric  compofition  for  this 
purpofe.  Take  four  pounds  of  Venice  turpentine,  one  pound  of 
rofin,  and  one  pound  of  bees  wax.  Boil  thefe  over  a  gentle  fire, 
ftirring  them  now  and  then,  for  four  hours  ;  at  the  end  of  which 
Itir  in  one  quarter  of  a  pound  of  vermilion.  Then  a  little  of  the 
mixture  being  taken  out  and  left  to  cool,  will  be  hard  and  brittle, 
a  token  that  it  is  fit  for  ufe.  Having  well  heated  your  globe 
or  cylinder,  pour  the  melted  mixture  into  it,  and  turn  it  about, 
fo  as  to  fpread  it  evenly  over  the  infide  furface,  to  the  thicknefs 
of  a  fixpence,  and  let  it  cool  very  gradually 

I  make  no  doubt  but  that  this  eleCtric  lining  is  ufeful  in 
fome  cafes,  cfpecially  in  keeping  the  infide  of  a  globe  free  from 
moifture,  which  is  more  apt  to  adhere  to  glafs  than  other  eleCtric 
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fubflances.  It  will  be  feen  that  a  lining  of  fulphur  was  remark¬ 
ably  ufeful  in  the  cafe  of  two  large  globes  of  my  own,  the  hiftory 
of  which  will  be  given  in  the  laft  part  of  this  work. 

To  increafe  the  quantity  of  eledric  fire  from  a  globe,  moiflen 
the  rubber  a  little  from  time  to  time  ;  or  rather  moiflen  the  under 
fide  of  a  loofe  piece  of  leather,  which  may  occafionally  be  put 
upon  the  rubber.  But  the  molt  powerful  exciter  of  eledricity 
is  a  little  amalgam,  which  may  be  made  by  rubbing  together 
mercury  and  thin  pieces  of  lead  or  tinfoil  in  the  palm  of  the 
hand.  If  the  rubber  Should  be  placed  perpendicular  to  the  ho¬ 
rizon,  it  will  be  neceflary  to  ufe  a  little  tallow  to  make  it  flick. 
With  this  excellent  refburce,  almofl  all  flates  of  the  weather  are 
equal  to  an  eledric i an. 

A  litte  time  after  frefh  amalgam  has  been  put  upon  the 
globe,  and  often  at  other  times,  if  there  be  any  foulnefs  upon 
the  cufhion ;  and  fometimes  when  there  is  none,  there  will  be 
formed  upon  the  globe  fmall  black  fpots,  of  a  hard  rough  fub- 
ftance,  which  grow  continually  larger,  till  a  considerable  quan¬ 
tity  of  that  matter  be  accumulated  upon  the  Surface.  This  muff 
be  carefully  picked  off,  or  it  will  obftrud  the  excitation,  and  in* 
a  great  meafure  defeat  the  eledrical  operations. 

When  the  amalgam  has  been  ufed  for  Some  time,  there 
will  be  formed  upon  the  rubber  a  thick  incruflation  of  the  fame 
kind  of  black  fubflance  which  is  apt  to  adhere  to  the  globe. 
This  incruflation  is  a  very  great  improvement  of  the  rubber: 
For  when  once  a  confiderable  body  of  this  matter  is  formed, 
and  it  is  a  little  moiflened,  or  fcraped,  as  much  fire  will  be  pro¬ 
duced,  as  if  frefh  amalgam  were  ufed:  fo  that  it  feems  almofl  to 
fuperfede  the  farther  ufe  of  the  amalgam. 

As  the  eledric  matter  is  only  colleded  at  the  rubber,  it  is  ne- 
ceffary  that  it  have  a  communication  with  the  common  mafs  of 
the  earth,  by  means  of  good  condudors.  If,  therefore,  the  table 
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on  which  the  machine  hands,  or  the  floor  of  the  room  in  which 
it  is  tiled,  be  very  dry,  little  or  no  fire  will  be  got,  be  the  ma¬ 
chine  ever  fo  good.  In  this  cafe  it  will  be  neceffary  to  connect 
the  rubber,  by  means  of  chains  or  wires,  with  the  floor,  or 
even  the  next  water,  if  the  neighbouring  ground  be  dry.  This 
Dr.  Franklin  informs  me  he  was  frequently  obliged  to  do 
in  Philadelphia. 

When  the  electricity  of  a  globe  is  very  vigorous,  the  eleCtric 
fire  will  feem  to  dart  from  the  cufhion  towards  the  wire  of  the 
conductor.  I  have  feen  thofe  lucid  rays  (which  are  vifible  in 
day-light)  make  the  circuit  of  half  the  globe,  and  reach  the  wires : 
and  they  will  frequently  come  in  a  confiderable  number,  at  the 
fame  time,  from  different  parts  of  the  cufhion.  The  noife  attend¬ 
ing  this  beautiful  phenomenon  exactly  refembles  the  crackling 
of  bay  leaves  in  the  fire.  Frequently  thefe  lucid  arches  have 
radiant  points ,  often  four  or  five  in  different  parts  of  the  fame 
arch.  Thefe  radiant  points  are  intenfely  bright,  and  appear  very 
beautiful.  It  is  peculiarly  pleafing  to  obferve  thefe  circles  of  fire 
rife  from  thofe  parts  of  the  cufhion  where  the  amalgam  or 
moifture  has  been  put,  or  which  have  been  lately  fcraped.  Single 
points  on  the  rubber  will  then  feem  intenfely  bright,  and  for 
a  long  time  together  will  feem  to  pour  out  continual  torrents  of 
flame.  If  one  part  of  the  rubber  be  prefled  clofer  than  another, 
the  circles  will  iffue  in  that  place  more  frequently  than  in  any 
other. 

When  the  conductor  is  taken  quite  away,  circles  of  fire  will 
appear  on  both  fides  the  rubber,  which  will  fometimes  meet,  and 
completely  encircle  the  globe.  If  a  finger  be  brought  with¬ 
in  half  an  inch  of  the  globe,  in  that  flate,  it  is  fure  to  be  ftruck 
very  fmartly,  and  there  will  often  be  a  complete  arch  of  fire 
from  it  to  the  rubber,  though  it  be  almofl;  quite  round  the 
globe, 
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The  fmaller  the  conductor  is  made,  the  more  fire  may  be 
collected  from  it :  for  there  is  lefs  furface  from  which  the  fire 
may  efcape.  But  in  charging  a  phial,  if  the  wire  be  placed  clofe 
to  the  conductor,  the  difference  will  be  inconfiderable,  whether 
a  fmaller  or  larger  conductor  be  ufed,  till  it  begin  to  be  charg¬ 
ed  pretty  high  ;  for,  till  that  time,  the  conductor  will  not  have 
acquired  any  confiderable  atmofphere. 

If  the  conductor  be  made  perfectly  well,  and  the  air  be  dry, 
there  will  never  be  any  lofs  of  fire  from  any  part  of  it.  For  when 
the  whole  furface  has  received  as  high  a  charge  as  the  machine 
can  give  to  it,  it  will,  in  all  places  alike,  perfectly  refill  all  far¬ 
ther  efforts  to  throw  more  upon  it,  and  the  circulation  of  the  fluid 
by  the  rubber  will  be  flopped,  being  balanced,  as  it  were,  by  equal 
forces.  Or  if  it  lofe  in  all  places  alike,  the  diflipation  mufi  be 
invifible.  This  maxim  almofl  admits  of  ocular  demonflration. 
For  when  the  rubber  is  perfectly  infulated,  and  the  conductor 
has  an  opportunity  of  difcharging  itfelf,  the  rubber  will  take 
fparks  from  a  wire  placed  near  it  very  fall;  but  when  the  con¬ 
ductor  has  little  opportunity  of  emptying  itfelf,  it  will  take  fewer 
of  thofe  fparks. 

To  form  a  juft  eflimate  of  the  ele&rical  power  of  any  ma¬ 
chine,  and  to  compare  different  machines  in  this  refpeCt,  take 
two  wires  with  knobs  of  any  fize,  and  fix  one  of  them  at  the 
conductor,  and  the  other  at  fome  certain  diflance  from  it,  about 
an  inch,  cr  an  inch  and  a  half;  and  when  the  wheel  is  turned, 
count  the  number  of  fparks  that  pafs  between  them  during  any 
given  time.  Fix  the  fame  wires  to  any  other  conductor,  belong¬ 
ing  to  any  other  machine  (but  the  fame  conductor  would  be  more 
exaCt)  and  the  difference  between  the  number  of  flrokes  in  any 
given  time  will  afcertain  the  difference  between  the  flrength  of 
the  two  machines. 
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The  larger  the  condu&or  is  made,  the  Wronger  fpark  it 
will  give  :  for  the  more  extended  the  electrified  furface  is,  the 
greater  quantity  of  the  eledric  atmofphere  it  contains,  and  the 
more  fenfible  will  be  its  effeds  when  it  is  all  difchargcd  at  once. 
The  conductor,  however,  may  be  made  fo  large,  that  the  necef- 
fary  difiipation  of  the  eleCtric  matter  from  its  furface  into  the 
air  will  be  equal  to  the  fupply  from  the  machine,  which  will 
confiitute  the  maximum  of  the  power  of  that  machine*  and  will 
be  different  in  different  ffates  of  the  air. 

A  certain  degree  of  fridion  is  neceffary  to  give  a  globe  its 
greateff  power.  A  number  of  globes  increafes  the  powder,  but  the 
increafe  of  friction  will  make  it  more  difficult  for  a  man  to  ex¬ 
cite  their  powder.  A  few  trials  with  a  number  of  globes  would 
enable  any  man  to  judge  of  the  maximum  of  his  ffrength  in  excit¬ 
ing  eledricity.  I  fhould  imagine,  from  my  own  experience, 
that  no  perfon  could  excite  much  more  eledricity  from  any 
number  of  globes,  than  he  could  from  one;  fuppofing  him  to 
continue  the  operation  an  hour,  or  even  only  half  an  hour  together. 

When  a  long  condudor  is  ufed,  the  longeft  and  the  ffrongeft 
fpark  may  be  drawn  from  the  extremity  of  it,  or  from  that  part 
which  is  the  moft  remote  from  the  globe. 

Very  large  and  pungent  fparks  are  often  drawn  from  any 
condudor  along  an  eledric  fubftance.  Thus  if  the  condudor  be 
fupported  by  pillars  of  glafs  or  of  baked  wood,  thefe  fparks  will 
be  taken  dole  to  the  pillar. 

If  the  condudor  bend  inwards  in  any  place,  fo  as  to  make 
the  furface  concave,  a  peculiarly  large,  ffrong,  and  undivided 
fparJc  may  be  drawn  from  that  place.  Where  the  furface  is  con¬ 
vex,  the  fpark  is  more  apt  to  be  divided  and  weakened. 

If  a  fmooth  cork  ball  be  hung  in  a  long  filken  firing,  and 
eledrified  pofitively,  it  will  always  be  repelled  by  pofitive,  and 
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attracted  by  negative  eledricity.  But  the  HrongeH  repulflon  will 
be  changed  into  attradion  at  a  certain  dillance. 

If  two  pith  balls  hung  by  linen  threads,  and  diverging  with 
pofitive  eledricity,  be  infulated,  though  in  connedion  with  con¬ 
ductors  of  confiderable  length,  the  approach  of  a  body  eledrified 
pofitively  will  firfb  make  them  feparate,  and  then  (if  the  elec¬ 
tricity  of  the  balls  be  fmall,  and  that  of  the  approaching  body 
great)  it  will,  at  a  certain  dillance,  make  them  approach,  and  at 
length  come  into  contad  with  it.  Sometimes  the  divergence  pre¬ 
vious  to  the  convergence  is  very  flight,  and,  without  great  atten¬ 
tion,  is  apt  to  be  overlooked. 

If  the  balls  have  a  free  communication  with  the  earth,  for  in- 
Hance,  if  they  be  held  in  the  hand  of  a  peifon  Handing  on  the 
ground,  and  (as  in  the  former  cafe)  they  be  made  to  diverge 
with  pofitive  eledricity,  in  confequence  of  being  held  within 
the  influence  of  a  body  eledrified  negatively,  the  approach  of 
politive  eledricity  will  make  them  converge,  and  negative  elec- 
ricity  will  make  them  diverge  :  the  eledric  matter  of  the  ap¬ 
proaching  body,  in  the  former  cafe,  repelling  that  of  the  balls, 
and  thereby,  as  it  were,  uneledrifying  them ;  whereas,  in  the 
latter  cafe,  the  negative  eledricity  of  an  approaching  body 
draws  it  more  powerfully  into  the  threads,  and  makes  them 
diverge  more.  This  method  of  judging  is,  therefore,  excellent¬ 
ly  adapted  to  afcertain  the  kind  of  eledricity  in  the  atmofphere, 
or  of  a  charged  jar  or  battery,  the  balls  being  held  in  the  hand  of 
a  perfon  Handing  on  the  earth  or  the  floor. 

To  difcover  fmaller  degrees  of  eledricity  than  the  balls  can 
Hiow  to  advantage,  ufe  a  very  fine  thread,  or  two  of  them.  If 
inf  illation  be  neceflary,  faflen  it  to  a  Hick  of  baked  wood.  But 
the  mod  accurate  meafure  of  eledricity  I  have  yet  hit  upon, 
is  a  Angle  thread  of  Aik  as  it  comes  from  the  worm.  When 
the  end  of  this  has  received  a  fmall  degree  of  eledricity,  it  will 
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retain  it  a  confiderable  time,  and  the  flighted:  eledric  force  will 
give  it  motion.  llefore  any  experiments  be  made,  let  it  be 
carefully  obferved  how  long,  in  any  particular  fituation,  it  will 
retain  the  degree  of  electricity  that  is  intended  to  be  given  to 
it ;  and  let  allowance  be  made  for  that  in  the  courfe  of  the  ex¬ 
periments.  It  will  retain  eledricity  much  longer,  if  a  fmall  piece 
of  down  from  a  feather  be  faftened  to  it,  but  it  will  not  acquire 
the  virtue  fo  foon.  And  it  will  be  moft  eafy  to  manage,  if  two 
or  three  threads  of  filk  be  ufed,  and  the  piece  of  down  be  fo 
adjufted  to  them,  that  it  fhall  but  juft  prefer  a  perpendicular 
fituation,  and  not  abfolutely  float  in  the  air  at  random.  This 
electrometer  is  not  liable  to  the  inaccuracies  of  thofe  that  have 
a  fenfible  weight  :  for  as  there  is  always  a  fphere  of  attraction 
within  a  fphere  of  repulfion,  the  weight  of  the  electrified  body 
will  allow  another  to  pafs  the  boundary  of  thofe  two  fpheres, 
without  a  fenfible  obftrudion  ;  but  the  body  I  am  deferring  im¬ 
mediately  retires,  with  all  its  fpheres  of  attraction  and  repulfion 
about  it. 

The  force  of  the  electric  shock  is  in  proportion  to  the 
quantity  of  furface  coated,  the  tliinnefs  of  the  glafs,  and  the 
power  of  the  machine.  That  this  laft  circumftance  ought  to 
be  taken  into  confideration  is  evident :  for '  different  machines 
will  charge  the  fame  jar  very  differently.  With  one  machine,  for 
inftance,  it  may  be  made  to  difeharge  itfelf,  when  it  cannot  with 

another. 

The  moft  effectual  method  of  charging  a  jar  is  to  conned 
the  outfide,  by  means  of  wires,  with  the  rubber,  while  the 
wire  proceeding  from  the  infide  is  in  contad  wdth  the  condudor. 
In  this  manner  the  infide  of  the  jar  will  be  fupplied  with  the 
very  fame  fire  that  left  the  outfide.  In  this  cafe  alfo  the  jar  will 
receive  as  high  a  charge  as  it  is  capable  of  receiving,  though  the 
rubber  be  infulated,  and  have  no  communication  but  with  the 
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outfide  coating ;  fo  that,  in  the  cafe  of  charging,  there  can  be  no 
occafion  for  the  directions  given  above,  when  the  table,  the  floor 
of  the  room,  or  the  ground  are  very  dry. 

The  greateft  quantity  of  fire  that  a  jar  will  hold  is  not  always 
the  quantity  it  will  contain  when  it  is  coated  juft' fo  low  as  not 
to  difcharge  itfelf.  In  this  cafe,  indeed,  the  part  that  is  coated 
is  charged  as  high  as  it  can  be,  but  then  a  confiderable  part  of 
the  furface  is  not  charged  at  all,  or  very  imperfectly.  On  the 
other  hand,  if  the  jar  be  coated  very  high,  it  may  be  made  to  dif¬ 
charge  itfelf  with  as  fmall  an  explofion  as  one  chufes.  The 
exaCt  maximum  of  the  charge  of  any  jar  is  not  eafy  to  afcertain. 

The  greateft  effort  in  a  jar  to  make  a  difcharge  feems  to  be 
about  half  a  minute,  or  a  minute,  after  it  is  removed  from  the 
conductor,  owing,  perhaps,  to  non-eleCtric  duft  or  moifture  at¬ 
tracted  by  and  adhering  to  the  glafs,  between  the  outfide  and  in- 
fide  coating;  fo  that  if  there  be  any  apprehenfion  of  its' dif- 
charging  itfelf,  it  is  advifeable  to  difcharge  it  before  it  has  flood 
charged  at  all. 

When  a  thin  jar  is  difeharged,  it  is  advifable  not  to  do  it 
by  placing  the  difeharging  rod  oppofite  to  the  thinneft  party 
It  will  endanger  the  burfting  of  the  jar  in  that  place. 

The  more  perfons  join  hands  to  take  a  fliock  the  weaker 
it  is. 

If  two  jars,  of  the  fame  thicknefs,  be  ufed  together,  the 
ftronger  of  them  will  receive  no  higher  a  charge  than  the  weaker. 
If  one  of  them,  for  inftance,  be  coated  fo  high  as  that  it  will  dif¬ 
charge  itfelf,  either  with  or  without  burfting,  after  a  few  turns 
of  the  wheel  ;  the  other  will  always  be  difeharged  along  with 
it,  though  it  was  capable  of  being  charged  ever  fo  high  by  itfelf. 
The  method,  therefore,  of  eftimating  the  force  of  a  number  of 
jars,  is  to  confider  each  of  them  as  capable  of  containing  no  more 
fire  than  the  weakeft  in  the  company.  It  follows  from  hence, 
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that  if  a  fingle  jar  in  a  large  battery  have  the  fmalleft  crack 
in  the  coated  part  of  it,  not  one  of  them  is  capable  of  being  charg¬ 
ed  in  conjundion  with  it. 

In  large  batteries,  it  is  advifable  to  coat  the  jars  pretty  high, 
the  diffipation  of  the  eledric  matter  from  fo  great  a  furface 
when  the  charge  is  high  being  very  confiderable.  The  battery 
might  be  made  fo  large,  as  that  after  a  very  moderate  charge, 
the  machine  would  be  able  to  throw  no  more  fire  in  than  was 
was  exhaled,  as  we  may  fay,  from  the  furface.  This  would 
be .  the  maximum  of  tiie  power  of  that  machine  in 

CHARGING. 

In  order  to  judge  of  the  ftrength  of  a  charge  (which,  in 
large  batteries,  is  a  thing  of  confiderable  confequence)  prefent 
Mr.  Canton’s  balls  to  the  w'ires,  from  time  to  time.  A  com¬ 
panion  of  the  degree  of  their  divergence,  compared  with 
the  adual  explofion,  will  foon  enable  the  operator  to  tell  how 
high  his  battery  is  charged,  and  what  will  be  the  force  of  the 
explofion. 

In  comparing  different  explofions  by  their  power  to  melt 
wires,  let  it  be  obferved,  that,  in  wires  of  the  fame  thicknefs, 
the  forces  that  melt  them  will  be  in  the  proportion  of  the 
lengths;  and  in  wires  of  the  fame  length,  in  the  proportion 
of  the  fquares  of  their  diameters. 

Do  not  exped  that  the  explofion  of  a  battery  will  pierce  a  num¬ 
ber  of  leaves  of  paper  in  proportion  to  its  force  in  other  refpcds. 
That  depends  upon  the  height  of  the  charge  much  more  than  the 
quantity  of  coated  furface.  I  have  known  an  explofion  which 
would  have  melted  a  pretty  thick  wire  not  able  to  pierce  the  cover 
of  a  book,  which  a  fmall  common  jar  would  have  done  with 
eafe.  If  it  had  been  pierced  with  the  explofion  of  the  battery, 
the  hole  would  have  been  larger  in  proportion. 
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Let  no  perfon  imagine  that,  becaufe  he  can  handle  the 
wires  of  a  large  battery  without  feeling  any  thing,  that  therefore 
he  may  fafely  touch  the  outfide  coating  with  one  hand,  while 
the  other  is  upon  them.  I  have  more  than  once  received  fhocks 
that  I  fhould  not  like  to  receive  again,  when  the  wires  fhowed 
no  fign  of  a  charge ;  even  two  days  after  the  difcharge,  and 
when  papers,  books,  my  hat,  and  many  other  things  had  lain 
upon  them  the  greateft  part  of  the  time.  If  the  box  be  tolerably 
dry,  the  refiduum  of  the  charge  will  not  difperfe  very  foon. 
I  have  known  even  the  rejidmim  of  a  refiduum  in.  my  batteries  to 
remain  in  them  feveral  days.  For  prefently  after  an  explofion, 
I  feldom  fail  to  difcharge  the  refiduum,  which,  in  fome  cafes,  is 
very  confiderable,  for  fear  of  a  difagreeable  accident. 

A  small  fhock  palling  through  the  body  gives  a  fenfation 
much  more  acute  and  pungent  than  a  large  one.  I  cannot  boaft, 
like  Dr.  Franklin,  of  being  twice  ftruck  fenfelefs  by  the  eledtric 
fhock ;  but  I  once,  inadvertently,  received  the  full  charge  of  two 
jars,  each  containing  three  fquare  feet  of  coated  glafs.  The  ftroke 
could  not  be  called  painful,  but,  though  it  palled  through  my 
arms  and  bread:  only,  it  feemed  to  affedt  every  part  of  my  body 
alike.  The  only  inconvenience  I  felt  from  it  was  a  laflitude,  which 
went  off  in  about  two  hours. 

Mr.  Wilcke  was  ftruck  down  fenfelefs,  by  accidentally  receiv¬ 
ing,  from  his  head  to  his  feet,  the  charge  of  a  large  chymical  re¬ 
ceiver.  Fie  thought,  that  if  he  had  received  a  fhock  five  times  as. 
large,  he  fhould  never  have  written  the  account  of  it  *. 

o  Remarks  on  Franklin’s  Letters,  p.  362. 


*  / 

PART 


I 


ENTERTAINING 


Part  VII, 


5°  4 


R 


VII. 


A  description  of  the  most  ENTERTAINING  EXPERI¬ 
MENTS  PERFORMED  BY  ELECTRICITY. 


T^LECTRICITY  has  one  confiderable  advantage  over  moff 
I  y  other  branches  of  fcience,  as  it  both  furnifhes  matter  of 
fpeculation  for  philofophers,  and  of  entertainment  for  all  perfons 
promifcuoufly.  Neither  the  air-pump,  nor  the  orrery;  neither 
experiments  in  hydroftatics,  optics,  or  magnetifm;  nor  thofe  in 
all  other  branches  of  Natural  Philofophy  ever  brought  together  fo 
many,  or  fo  great  concourfes  of  people,  as  thofe  of  electricity 
have  done  fingly.  Eledrical  experiments  have,  in  almoft  every 
country  in  Europe,  occafionally  furnifhed  the  means  of  fub- 
fiftence  to  numbers  of  ingenious  and  indullrious  perfons,  whofe 
circumftances  have  not  been  affluent,  and  who  have  had  the  ad- 
drefs  to  turn  to  their  own  advantage  that  paffion  for  the  marvel¬ 
lous,  which  they  faw  to  be  fo  Prong  in  all  their  fellow-creatures. 
A  man  need  not  defire  a  greater  income  than  the  fums  which 
have  been  received  in  {hillings,  fix-pences,  three-pences,  and 
two-pences,  for  exhibiting  the  Leyden  experiment. 

If  we  only  confider  what  it  is  in  objeds  that  makes  them  cap¬ 
able  of  exciting  that  pleafing  aftonifhment,  which  has  luch  charms 
for  all  mankind,  we  {hall  not  wonder  at  the  eager nefs  with 
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which  perfons  of  both  fexes,  and  of  every  age  and  condition, 
run  to  fee  electrical  experiments.  Here  we  fee  the  courfe  of 
nature,  to  all  appearance,  intirely  reverfed,  in  its  molt  funda¬ 
mental  laws,  and  by  caufes  feemingly  the  flighted;  imaginable. 
And  not  only  are  the  greatefl  effects  produced  by  caufes  which 
feem  to  be  inconfiderable,  but  by  thofe  with  which  they  feem 
to  have  no  connection.  Here,  contrary  to  the  principles  of  gra¬ 
vitation,  we  fee  bodies  attracted,  repelled,  and  held  fufpended 
by  others,  which  are  feen  to  have  acquired  that  power  by  no¬ 
thing  but  a  very  flight  friction;  while  another  body,  with  the 
very  fame  friction,  reverfes  all  its  effeCts.  Here  we  fee  a  piece 
of  cold  metal,  or  even  water,  or  ice,  emitting  flrong  fparks  of 
fire,  fo  as' to  kindle  many  inflammable  iubftances  ;  and  in  vacuo 
its  light  is  prodigioufly  diffufed  and  copious,  fo  as  exaCtly  to  re- 
femble,  what  it  really  is,  the  lightning  of  heaven.  Again,  what 
can  feem  more  miraculous  than  to  find,  that  a  common  glafs  phial 
or  jar,  fliould,  after  a  little  preparation  (which,  however,  leaves 
no  vifible  effeCt,  whereby  it  could  be  diftinguiflied  from  other 
phials  or  jars)  be  capable  of  giving  a  perfon  fuch  a  violent  fen- 
fation,  as  nothing  elfe  in  nature  can  give,  and  even  of  deftroying 
animal  life  ;  and  this  fliock  attended  with  an  explofion  like  thun¬ 
der,  and  a  flafh  like  that  of  lightning  ?  Laftly,  what  would 
the  ancient  philofophers,  what  would  Newton  himfelf  have  faid, 
to  fee  the  prefent  race  of  electricians  imitating  in  miniature  all  the 
known  effeCfs  of  that  tremendous  power,  nay  difarming  the  thun¬ 
der  of  its  power  of  doing  mifchief,  and,  without  any  apprehen- 
fion  of  danger  to  themfelves,  drawing  lightning  from  the  clouds 
into  a  private  room,  and  amufing  themfelves  at  their  leilure,  by 
performing  with  it  all  the  experiments  that  are  exhibited  by 
eledrical  machines. 

So  far  are  philofophers  from  laughing  to  fee  the  afionifhment 
of  the  vulgar  at  thefe  experiments,  that  they  cannot  help  view- 
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ing  them  with  equal,  if  not  greater  aftonifhment  themfelves.  In¬ 
deed,  all  the  eledricians  of  the  prefent  age  can  well  remem¬ 
ber  the  time,  when,  with  rcfped  to  thefe  things,  they  themfelves 
would  have  ranked  among  the  fame  ignorant  flaring  vulgar. 

Besides,  fo  imperfedly  are  thefe  ftrange  appearances  under- 
flood,  that  philofophers  themfelves  cannot  be  too  well  acquainted 
with  them ;  and  therefore  fhould  not  avoid  frequent  opportu¬ 
nities  of  feeing  the  fame  things,  and  viewing  them  in  every  light. 
It  is  pofhble  that,  in  the  moft  common  appearances,  fome  cir- 
cumftance  or  other,  which  had  not  been  attended  to,  may  ftrike 
them  5  and  that  from  thence  light  may  be  refleded  upon  many 
other  eledrical  appearances. 

Whether  philofophers  may  think  this  confideration  worth 
attending  to  or  not,  I  fhall,  for  the  fake  of  thofe  eledricians 
who  are  young  enough,  and,  as  it  may  be  thought,  childifh  enough, 
to  divert  themfelves  and  their  friends  with  eledrical  experiments, 
defcribe  a  number  of  the  moft  beautiful  and  furprifing  appearances 
in  eledricity ;  that  the  young  operator  may  not  be  at  a  lofs  what 
to  exhibit  when  a  company  of  gentlemen  or  ladies  wait  upon  him, 
and  that  he  may  be  able  to  perform  the  experiments  to  the  mofl 
advantage,  without  difappointing  his  friends,  or  fretting  himfelf. 

To  make  this  bufinefs  the  eafier  to  the  young  operator,  I  fhall 
confult  his  convenience  in  the  order  in  which  I  fhall  relate  the  ex¬ 
periments,  beginning  with  thofe  which  only  require  fimple  elec¬ 
trification,  then  proceeding  to  thofe  in  which  the  Leyden  experi¬ 
ment  is  ufed,  and  concluding  with  thofe  in  which  recourfe  muft 
be  had  to  other  philofophical  inflruments  in  conjundion  with ‘the 
eledrical  machine. 
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Entertaining  experiments  in  which  the  Leyden  phial 

is  NOT  USED. 


THE  phenomena  of  eleCtrical  attraction  are  fhown  in  as 
pleafing  a  manner  by  the  tube,  as  they  can  be  by  any 
methods  that  have  been  found  out  fince  the  later  improvements 
in  electricity.  It  is  really  furprifing  to  fee  a  feather,  or  a 
piece  of  leaf  gold  firft  attracted  by  a  glafs  tube  excited  by  a 
flight  friction,  then  repelled  by  it,  and  held  fufpended  in  the  air, 
or  driven  about  the  room  wherever  the  operator  pleafes ;  and  the 
furprife  is  increafed  by  feeing  the  feather,  which  was  repelled  by 
the  fmooth  glafs  tube,  attracted  by  an  excited  rough  tube,  or  a 
{tick  of  fealing  wax,  &c.  and  jumping  from  the  one  to  the  other, 
till  the  eleCtricity  of  both  be  difcharged.  Nor  is  the  obfervation 
of  Otto  Guericke  the  lead  pleafing  circumftance,  viz.  that  in 
turning  the  tube  round  the  feather,  the  fame  fide  of  the  feather  is 
always  prefented  towards  it. 

But  fince  eleCtrical  fubftances  part  with  their  eleCtricity  but 
flowly,  the  more  rapid  alternate  attractions  and  repulfions  are 
fhown  to  the  beft  advantage  at  the  prime  conductor.  Thus  pre- 
fent  a  number  of  feeds  of  any  kind,  grains  of  fand,  a  quantity 
of  brafs  dull,  or  other  light  fubftances  in  a  metal  difli  (or  rather 
in  a  glafs  cylindrical  veflel  {landing  on  a  metal  plate)  to  another 
plate  hanging  from  the  conductor  [as  at  n  and  0,  PI.  II.]  an<^  “ie 
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light  fubftances  will  be  attraded  and  repelled  with  inconceivable 
rapidity,  fo  as  to  exhibit  a  perfed  fhower,  which,  in  the  dark 
will  be  all  luminous. 

Suspend  one  plate  of  metal  to  the  conductor,  and  place  a  metal 
hand,  of  the  fame  lize,  at  the  diftance  of  a  few  inches  exadly 
under  it,  and  upon  the  hand  put  the  figures  of  men,  ani¬ 
mals,  or  whatever  elfe  fhall  be  imagined,  cut  in  paper  or  leaf 
gold,  and  pretty  fharply  pointed  at  both  extremities ;  and  then, 
upon  eledrifying  the  upper  plate,  they  will  perform  a  dance, 
with  amazing  rapidity  of  motion,  and  to  the  great  diverfion  of  the 
fpedators. 

If  a  downy  feather,  or  a  piece  of  thiftle  down  be  ufed  in 
this  manner,  it  will  be  attraded  and  repelled  with  luch  aftonifti- 
ing  celerity,  that  both  its  form  and  motion  will  difappear ;  all  that 
is  to  be  difcerned  being  its  colour  only,  which  will  uniformly 
fill  the  whole  fpace  in  which  it  vibrates  *. 

If  a  piece  of  leaf  gold  be  cut  with  a  pretty  large  angle  at  one 
extremity,  and  a  very  acute  one  at  the  other,  it  will  need  no  lower 
plate,  but  will  hang  by  its  larger  angle  at  a  fmall  diftance  from 
the  condudor,  and  by  the  continual  weaving  motion  of  its  lower 
extremities,  will  have  the  appearance  of  fomething  animated, 
biting  or  nibling  at  the  condudor.  It  is  therefore  called  by  Dr. 
Franklin  the  golden  jijh . 

To  the  dancing  figures  above  mentioned,  it  is  very  amufing  to 
add  a  fet  of  electrical  bells.  Thefe  confift  of  three  fmall 
bells,  the  two  outermoft  of  wdiich  are  fufpended  from  the  con¬ 
dudor  by  chains,  and  that  in  the  middle  by  a  filken  firing,  while 
a  chain  conneds  it  with  the  floor  j  and  two  fmall  knobs  of  brafs, 
to  ferve  inftead  of  clappers,  hang  by  filken  firings,  one  between 
each  two  bells.  In  confequence  of  this  difpofition,  when  the 

*  Lovet,  p.  28. 
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two  outermoft  bells,  communicating  with  the  conductor,  are 
electrified,  they  will  attract  the  clappers,  and  be  ftruck  by  them; 
The  clappers,  being  thus  loaded  with  electricity,  will  be  repell¬ 
ed,  and' fly  to  difcharge  themfelves  upon  the  middle  bell.  Af¬ 
ter  this,  they  will  be  again  attracted  by  the  outermoft  bells;  and 
thus  by  ftriking  the  bells  alternately, .  a  continual  ringing  may 
be  kept  up  as  long  as  the  operator  plcafes.  In  the  dark,  a  con¬ 
tinual  flalhing  of  light  will  be  feen  between  the  clappers  and  the 
bells ;  and  when  the  electrification  is  very  ftrong,  thefe  flafhes 
of  light  will  be  fo  large,  that  they  will  be  tranfmitted  by  the 
clapper  from  one  bell  to  the  other,  without  its  ever  coming 
into  aCtual  contaCt  with  either  of  them,  and  the  ringing  will, 
confequently,  ceafe.  When  thefe  two  experiments  of  the  bells 
and  the  figures  are  exhibited  at  the  fame  time,  they  have  the  ap¬ 
pearance  of  men  or  animals  dancing  to  the  mufic  of  the  bells ; 
which,  if  well  conducted,  may  be  very  diverting. 

If  a  piece  of  burnt  cork,  about  the  bignefs  of  a  pea,  cut  into 
the  form  of  a  fpider,  with  legs  of  linen  thread,  and  a  grain  or 
two  of  lead  put  in  it,  to  give  it  more  weight,  be  fufpended  by  a 
fine  filken  thread,  it  will,  like  a  clapper  between  the  two  bells, 
jump  from  an  electrified  to  an  uneleCtrified  body  and  back 
again,  or  between  two  bodies  poffeffed  of  different  electricities, 
moving  its  legs  as  if  it  were  alive,  to  the  great  furprize  of  per- 
fons  unacquainted  with  the  conftruCtion  of  it.  This  is  an  Ame¬ 
rican  invention,  and  is  deferibed  by  Dr.  Frank  lin  *. 

Several  very  beautiful  experiments,  which  depend  on  eleCtri- 
cal  repulfion,  may  be  fliown  to  great  advantage  by  bundles  of 
thread,  or  of  hair,  fufpended  from  the  conductor,  or  prefented 
to  it.  They  will  fuddenly  ftart  up,  and  feparate  upon  being 
electrified,  and  inftantly  collapfe  when  the  electricity  is  taken 
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off.  It*  the  operator  can  manage  this  experiment  with  any  degree 
of  dexterity,  the  hair  will  ieem  to  the  company  to  rife  and  fall  at 
the  word  of  command. 

If  a  large  plumy  feather  be  fixed  upright  on  an  eledrified 
{land,  or  held  in  the  hand  of  a  perfon  eledrified,  it  is  very  pleat¬ 
ing  to  obferve  how  it  becomes  turgid,  its  fibres  extending  them- 
felves  in  all  directions  from  the  rib  ;  and  how  it  fhrinks,  like 
the  fenfitive  plant,  when  any  uneleclrified  body  touches  it,  when 
the  point  of  a  pin  or  needle  is  prefented  to  it,  or  when  the  prime 

condudor  with  which  it  is  conneded. 

But  the  effeds  of  eledrical  repulfion  are  fhown  in  a  more 
furprifing  manner  by  means  of  water  iliuing  out  of  a  capillary 
tube.  If  a  veffel  of  water  be  fufpended  from  the  conductor,  and 
a  capillary  fyphon  be  put  into  it,  the  water  will  iffue  flowly, 
and  in  the  form  of  large  drops  from  the  lower  leg  of  the  fyphon  ; 
but,  upon  eledrifying  this  little  apparatus,  inflead  of  drops,  there 
will  be  one  continued  ftream  of  water  ;  and  if  the  eledrif  ca¬ 
tion  be  flrong,  a  number  of  ftreams,  in  the  form  of  a  cone,  the 
apex  of  which  will  be  at  the  extremity  of  the  tube ;  and  this 
beautiful  fhower  will  be  luminous  in  the  dark. 

Lastly,  Mr.  Rackftrow’s  experiment  (as  it  is  generally  call¬ 
ed,  but  which  Mr.  Henley  informs  me  was  really  invented  by 
John  Serocold,  Efq.  is  a  flriking  inftance  of  electrical  attradion 
and  repulfion,  and,  at  the  fame  time,  exhibits  a  very  pleafmg 
fpedacle.  Eledrify  a  hoop  of  metal,  fufpended  from  the  prime 
condudor  (or  fupported  with  fmall  pieces  of  fealing  wax, 
&c.)  about  half  an  inch  above  a  plate  of  metal,  and  parallel 
to  it.  Then  place  a  round  glafs  bubble,  blown  very  light,  upon 
the  plate,  near  the  hoop,  and  it  will  be  immediately  attraded  to 
it.  In  confequence  of  this,  the  part  of  the  bubble  which  touch¬ 
ed  the  hoop  will  acquire  fome  eledric  virtue,  and  be  repelled ; 
and,  the  eledricity  not  being  diffufed  over  the  whole  iurface 
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of  the  glafs,  another  part  of  the  furface  will  be  attracted,  while 
the  former  goes  to  difeharge  its  electricity  upon  the  place.  This 
will  produce  a  revolution  of  the  bubble  quite  round  the  hoop, 
as  long  as  the  eledlrification  is  continued ;  and  it  will  be  either 
way,  juft  as  it  happens  to  fet  out,  or  as  it  is  driven  by  the 
operator.  If  the  room  be  darkened  the  glafs  ball  will  be  beautifully 
illuminated.  Two  bubbles  may  be  made  to  revolve  about  the  fame 
hoop,  one  on  the  infide,  and  the  other  on  the  outfide  ;  and  either 
in  the  fame,  or  contrary  directions.  If  more  hoops  be  ufed,  a 
greater  number  of  bubbles  may  be  made  to  revolve,  and  thus 
a  kind  o  £  planetarium  or  Grrery  might  be  conftrudled,  and  a  ball 
hung  over  the  center  of  all  the  hoops  would  ferve  to  rcprefent  the 
fun  in  the  center  of  the  fyftem.  Or  the  hoops  might  be  made 
elliptical,  and  the  fun  be  placed  in  one  of  the  foci .  N.  B.  A  bell 
or  any  metallic  veflel  inverted  would  ferve  inftead  of  a  fingle 
hoop. 

All  the  motions  above  mentioned  are  the  immediate  efFedl  of 
eledtrical  attradtion  and  repulfion.  The  following  amufing  ex¬ 
periments  are  performed  by  giving  motion  to  bodies  through  the 
medium  of  air,  i.  e.  by  firft  putting  the  air  in  motion.  Let  the 
eledtrician  provide  himfelf  with  a  fet  of  vanes,  made  of  gilt  paper 
or  tinfel,  each  about  two  inches  in  length  and  one  in  breadth. 
Let  thefe  be  ftuck  in  a  cork,  which  may  be  fufpended  from  a 
magnet  by  means  of  a  needle;  and  then,  if  they  be  held  at  a 
fmall  diftance  on  one  fide  of  the  end  of  a  pointed  wire  proceeding 
from  the  conductor,  they  will  be  turned  round  with  great  rapidity 
by  the  current  of  the  air  which  flows  from  the  point.  If  the 
vanes  be  removed  to  the  other  fide  of  the  point,  the  motion  will 
prefently  flop,  and  begin  again  with  the  fame  rapidity,  in  a  con¬ 
trary  diredtion  ;  and  thus  the  motion  may  be  changed  at  plea- 
fure.  This  experiment  may  be  diverfified  by  vanes  cut  in  the 
form  of  thofe  of  a  fmoke-jack ;  when,  being  held  over  the  end 

of 


Part  VII. 


3-i2  EXPERIMENTS  without 

of  a  pointed  wire,  turned  upwards,  and  electrified,  they  will  be 
turned  round  very  fwiftly,  by  the  current  of  air  flowing  upwards. 
If  they  be  held  under  a  point  projeding  downwards,  they  will  be 

turned  the  contrary  way. 

On  the  top  of  a  finely  pointed  wire,  rifing  perpendicularly  from 
the  conductor,  let  another  wire,  fharpened  at  each  end,  be  made 
to  move  freely  as  on  a  center.  If  it  be  well  balanced,  and  the 
points  be  bent  horizontally,  in  oppofite  diredions,  it  will,  when 
electrified,  turn  very  fwiftly  round,  by  the  readion  of  the  air 
againft  the  current  which  flows  from  the  points.  Thefe  points 
mav  be  nearly  concealed,  and  horfes  or  other  figures  placed  upon 
the  wires,  fo  as  to  turn  round  with  them,  and  look  as  if  the  one 
purfued  the  other.  This  experiment  Mr.  Kinnerfley  calls  the 
electrical  horse  race.  If  the  number  of  wires  pro¬ 
ceeding  from  the  fame  center  be  increafed,  and  different  figures 
be  put  upon  them,  the  race  will  be  more  complicated  and  di¬ 
verting.  If  this  wire  which  fupports  the  figures  have  another 
wire  finely  pointed  rifing  from  its  center,  another  fet  of  wires, 
furnifhed  with  other  figures,  may  be  made  to  revolve  above 
the  former,  and  either  in  the  fame,  or  in  a  contrary  diredion, 
as  the  operator  pieafes. 

If  fueh  a  wire,  pointed  at  each  end,  and  the  ends  bent  in 
oppofite  diredions,  be  furnifhed  like  a  dipping  needle  with  a 
fmall  axis  fixed  in  its  middle,  at  right  angles  with  the  bending 
of  the  points,  and  the  fame  be  placed  between  two  infulated  wire 
firings,  near  and  parallel  to  each  other,  fo  that  it  may  turn  on 
its  axis  freely  upon  and  between  them ;  it  will.,  when  eledri- 
fied,  have  a  progreffivc  as  well  as  circular  motion,  from  one 
end  of  the  wires  that  fupport  it  to  the  other,  and  this  even  up  a  ccn- 
fiderable  afeent, 

A  variety  of  beautiful  appearances  may  be  exhibited  by 
means  of  eledrical  light,  even  in  the  open  air,  if  the  room 
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be  dark.  Brufhes  of  light  from  points  electrified  pofitively,  and 
not  made  very  fharp,  or  from  the  edges  of  metallic  plates,  di¬ 
verge  in  a  very  beautiful  manner,  and  may  be  excited  to  a 
great  length,  by  prefenting  to  them  a  finger,  or  the  palm  of 
the  hand,  to  which  they  feel  like  foft  lambent  flames,  which 
have  not  the  leaft  pungency,  nor  give  a  difagreeable  fenfation.  of 
any  kind.  It  is  alfo  amufing  to  obferve  the  difference  there  is 
between  brufhes  of  light  from  pointed  bodies  electrified  pofitivelv 
or  negatively. 

In  the  eleCtrical  horfe  race  above  mentioned,  a  fmall  flame 
will  be  feen  in  the  dark  at  every  point  of  the  bent  wires  ;  fo 
that,  if  the  operator  can  contrive  to  make  the  wire  terminate  in 
the  horfe’s  tail,  it  will  feem  to  be  all  on  fire.  And  if  a  circular 
plate  of  metal  be  cut  into  the  fhape  of  a  ffar,  fo  that  every  point 
may  be  at  the  fame  diftance  from  the  center,  and  the  center  be 
made  to  turn  freely  on  a  point,  like  the  wires  in  the  pre¬ 
ceding  experiment,  a  fmall  flame  will  be  feen  at  every 
point  ;  and  if  the  ffar  be  turned  round,  it  will  exhibit  the  ap¬ 
pearance  of  a  lucid  circle,  without  any  difcontinuance  of  the 
light. 

If  the  eleCtric  fparks  be  taken  from  abrafs  ball,  at  the  extre¬ 
mity  of  a  long  brafs  rod,  inferred  into  the  prime  conductor,  they 
will  often  be  feveral  inches  long,  and  iffue  in  a  great  variety  of 
crooked  directions,  exactly  refembling  the  courfe  of  lightning, 
and  exhibiting  a  very  amufing  fpe&acle.  A  friend  of  Dr. 
Franklin’s  fuppofes  that  the  fpark  is  thrown  out  of  a.  flrait 
courfe  by  the  denfity  of  the  air  increafed  by  the  aCtion  and 
reaction  of  the  two  fluids,  which  are  repulfive  of  one  an¬ 
other 


*  Franklin’s  Letters,  new  edition,  p.  167. 
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As  the  motion  of  the  ele&ric  matter  is,  to  the  fenfes,  in- 
ftantaneous,  a  variety  of  beautiful  appearances  may  be  exhibited 
by  a  number  of  {mail  ele&ric  fparks,  difpofed  in  various  forms. 
This  may  be  done  by  means  of  a  board  and  a  number  of  wires, 
in  the  following  manner.  Let  two  holes  be  made  through  the 
board,  about  a  quarter  of  an  inch  on  each  fide  of  the  fpot  where 
a  fpar.k  is  defired.  Let  the  extremities  of  the  wires  neatly  round  - 
ed,  come  through  thefe  holes,  and  be  brought  near  together* 
exactly  over  the  place  ;  and  let  the  wires  on  the  back  fide  of  the 
board  be  lb  difpofed,  as  that  an  ele&ric  fpark  mull  take  them 
all  in  the  fame  circuit.  When  they  are  thus  prepared,  all  the 
points  will  appear  luminous  at  once,  whenever  a  fpark  is  taken 
by  them  at  the  prime  conductor.  In  this  manner  may  beauti¬ 
ful  reprefentations  be  made  of  any  of  the  conftellations,  as  of 
the  Great  Bear,  Orion,  &c.  and  in  this  manner,  alfo,  may. 
the  outlines  of  any  drawing,  as  of  figures  in  tapeflry,  be.  ex¬ 
hibited. 

The  Abbe  Nollet  has  taken  a  great  deal  of  pains  to  make  the 
appearance  of  letters,  and  other  figures,  by  means  of  ele&rux 
fparks,  and  as  it  is  impoffible  to  make  the  fparks  follow  one  an¬ 
other  in  a  complete  circle,  on  the  fame  fide  of  any  flat  furface,  he 
makes  ufe  of  plates  of  glafs,  and  places  one  half  of 'the  circle,. 
&c.  on  one  fide  of  the  plate,  and  the  other  half  on  the  other 
fide,  connedling  the  pieces  that  are  neareft  one  another,  but  on 
different  fides  of  the  glafs,  by  wires  brought  round  it*.  The  de- 
fcription  would  be  too  tedious  for  this  place,  but  the  execution 
will  be  very  eafy,  to  any  perfon  who  has  but  a  little  knowledge- 
of  ele&ricity. 

The  force  of  an  ele&ric  fpark  in  fetting  fire  to  various  fub- 
fiances  was  one  of  the  firft  experiments  that  gave  an  eclat  to 


*  Lettres,  Vol  iii,  p.  281., . 
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electricity,  and  it  is  hill  repeated  with  pleafure.  Spirit  of  wine 
a  little  warmed,  is  commonly  made  life  of  for  this  purpofe.  The 
experiment  will  not  fail  to  fucceed,  if  a  pretty  hrong  fpark  be 
drawn,  in  any  manner,  or  direction  whatever,  through  any  part- 
of  it ;  and  this  may  eafily  be  done  many  ways,  if  it  be  con¬ 
tained  in  a  metal  fpoon  with  a  pretty  wide  mouth.  A  candle 
newly  blown  out  may  be  lighted  again  by  the  eleCtric  fpark 
pafling  through  the  grofs  part  of  the  fmoke,  within  half  an 
inch  of  the  fnuff  ;  though  it  is  perhaps  blown  in  again  by  the 
motion  given  to  the  air  by  the  force  of  the  explofion.  Alfo  air 
produced  by  the  effervefcence  of  heel  filings  with  oil  of  vitro! 
diluted  with  water,  and  many  other  fubflances,  which  throw  out 
an  inflammable  vapour,  may  be  kindled  by  it. 

The  ftrong  phofphoreal  or  fulphureous  fmell,  which  may 
be  perceived  by  prefenting  the  noftrils  within  an  inch  or  two  of 
any  electrified  point,  makes  a  curious  experiment,  but  it  does  not 
give  a  pleafing  fenfation. 

Lastly,  the  moft  entertaining  experiment  that  can  be  per¬ 
formed  by  Ample  electrification,  is  when  one  or  more  of  the 
company  ftand  upon  an  infulated  flool,  holding  a  chain  from 
the  prime  conductor.  In  this  cafe,  the  whole  body  is,  in  reality, 
a  part  of  the  prime  conductor,  and  will  exhibit  all  the  fame  ap¬ 
pearances,  emitting  fparks  wherever  it  is  touched  by  any  perfon 
handing  on  the  floor.  If  the  prime  conductor  be  very  large, 
the  fparks  may  be  too  painful  to  be  agreeable,  but  if  the  con¬ 
ductor  be  fmall,  the  electrification  moderate,  and  none  of  the 
company  prefent  touch  the  eyes,  or  the  more  tender  parts  of  the 
face  of  the  perfon  electrified,  the  experiment  is  •diverting  enough 
to  all  parties. 

Most  of  the  experiments  above  mentioned  may  alfo  be  per¬ 
formed  to  the  moft  advantage  by  the  perfon  handing  upon  the 
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ftool,  if  he  hold  in  his  hand  whatever  was  dire&ed  to  be  fatten¬ 
ed  to  the  prime  condudor.  Spirit  of  wine  may  be  fired  by  a 
fpark  from  a  perfon’s  finger  as  effeaually  as  in  any  other  way. 
Care  mutt  be  taken  that  the  floor  on  which  the  ftool  is  placed 
be  free  from  duft,  but  it  is  moft  advifable  to  have  a  large  frnooth. 

board  for  the  purpofe* 
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ENTERTAINING-  EXPERIMENTS  performed  BY  MEANS 

of  the  LEYDEN  PHIAL, 


NO  eleCtricai  experiments  anfwer  the  joint  purpofe  of  piea- 
fure  and  furprize  in  any  manner  comparable  to  thofe  that 
are  made  by  means  of  the  Leyden  phial.  All  the  varieties  of 
eleCtricai  attraction  and  repulfion  may  be  exhibited,  either  by  the 
wire,  or  the  coating  of  it ;  and  if  the  knobs  of  two  wires,  one 
communicating  with  the  infide,  and  the  other  with  the  outfide 
of  the  phial,  be  brought  within  four  or  five  inches  of  one  an¬ 
other,  the  eleCtricai  fpider  above  mentioned  will  dart  from  the 
one  to  the  other  in  a  very  furprifing  manner,  till  the  phial  be 
difcharged.  But  the  peculiar  advantage  of  the  Leyden  experi¬ 
ment  is,  that,  by  this  means,  the  eleCtrieal  flafh,  report,  and 
fenfation,  with  all  their  effe&s,  maybe  increafed  to  almofi:  any 
degree  that  is  defired. 

When  the  phial,  or  the  jar,  is  charged,  the  fhock  is  given’ 
through  a  perfon’s  arms  and  bread,  by  directing  him  to  hold  a 
chain  communicating  with  the  outfide  in  one  hand,  and  to*  touch 
the  wire  of  the  phial,  or  any  conductor  communicating  with  it,* 
with  the  other  hand.  Or  the  fliock  may  be  made  to  pafs  through* 
any  particular  part,  of  the  body  without  much  affeCting  the  reft, 
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if  that  part,  and  no  other,  be  brought  into  the  circuit  through 
which  the  fire  muft  pafsfrom  one  fide  of  the  phial  to  the  other. 

A  great  deal  of  diverfion  is  often  occafioned  by  giving  a. 
perfon  a  fhock  when  he  does  not  expert  it ;  which  may  be 
done  by  concealing  the  wire  that  conies  from  the  outfide  of  the 

*•1  i  ,  « I  #  ^  •  * 

phial  under  the  carpet,  and  placing  the  wire  which  comes  from 
the  infide  in  fuch  a  manner  in  a  perfon’s  way,  that  he  can  fufpedt 
no  harm  from  putting  his  .-hand  upon  it,  at  the  fame  time  that 
his  feet  are  upon  the  other  wire.  This,  and  many  other  me¬ 
thods  of  giving  a  fhock  by  furprize,  may  eafily  be  executed  by 
a  little  contrivance ;  but  great  care  fhould  be  taken  that  thefe 
fhocks  be  not  flrong,  and  that  they  be  not  given  to  all  perfons 
promifcuoufly. 

When  a  fin gle  perfon  receives  the  fhock,  the  company  is  di¬ 
verted  at  his  foie  expence  ;  but  all  contribute  their  fhare  to  the 
entertainment,  and  all  partake  of  it  alike,  when  the  whole  com¬ 
pany  forms  a  circuit,  by  joining  their  hands  ;  and  when  the 
operator  diredfs  the  perfon  who  is  at  one  extremity  of  the  circuit 
to  hold  a  chain  which  communicates  with  the  coating,  while  the 
perfon  who  is  at  the  other  extremity  of  the  circuit  touches 
the  wire.  As  all  the  perfons  who  form  this’ circuit  are  flruck  at 
the  fame  time,  and  with  the  fame  degree  of  force,  it  is  often  very 
pleafant  to  fee  them  fiart  at  the  fame  moment,  to  hear  them 
compare  their  leniations,  and  obferve  the  very  different  accounts 
they  give  of  it. 

1  his  experiment  may  be  agreeably  varied,  if  the  operator,  in- 
ilead  of  making  the  company  join  hands,  direct  them  to  tread 
upon  each  others  toes,  or  lay  their  hands  upon  each  others 
heads ;  and  if,  in  the  latter  cafe,  the  whole  company  fhould  be 
ffruck  to  the  ground,  as  it  happened  when  Dr.  Franklin  once 
gave  the  fhock  to  fix  very  flout  robufl  men,  the  inconvenience 
arifing  from  it  will  be  very  inconfiderable.  The  company  which 
~  the 
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the  Doctor  ft  ruck  in  this  manner  neither  heard  nor  felt  the  ftroke, 
and  immediately  got  up  again,  without  knowing  what  had  hap¬ 
pened.  This  was  done  with  two  of  his  large  jars  (each  contain¬ 
ing  about  fix  gallons)  not  fully  charged  *. 

The  mod  pleafing  of  all  the  furprizes  that  are  given  by  the 
Leyden  phial  is  that  which  Mr,  Kin^erfley  f  contrived  and  call¬ 
ed  the  magic  picture,  which  he  deferibes  in  the  following 
manner.  Having  a  large  metzotinto,  with  a  frame  and  glafs 
(fuppofe  of  the  king)  take  out  the  print,  and  cut  a  pannel  out 
of  it,  near  two  inches  diftant  from  the  frame  all  round.  If 
the  cut  be  through  the  pi&ure,  it  is  not  the  worfe.  With  thin 
pafte,  or  gum  water,  fix  the  board  that  is  cut  off  on  the  in- 
fide  of  the  glafs,  preffmg  it  fmooth  and  clofe :  then  fill  up  the 
vacancy,  by  gilding  the  glafs  well  with  leaf  gold,  or,  brafs. 
Gild  likewife  the  inner  edge  of  the  back  of  the  frame  all  round, 
except  the  top  part,  and  form  a  communication  between  that 
gilding  and  the  gilding  behind  the  glafs ;  then  put  in  the  board, 
and  that  fide  is  finiftied.  Turn  up  the  glafs,  and  gild  the  fore- 
fide  exa&ly  over  the  back  gilding ;  and  when  it  is  dry,  cover 
it,  by  pafting  on  the  pannel  of  the  picture  that  has  been  cut 
out,  obferving.to  bring,  the  correfpondent  parts  of  the  board  and 
picture  together,  by  which  the  picture  will  appear  of  a  piece 
as  at  firft,  only  part  is  behind  the  glafs,  and  part  before.  Laftly, 
hold  the  pi&ure  horizontally  by  the  top,  and  place  a  little  move- 
able  gilt  crown,  on  the  king’s  head 

If  now. the  picture  be  moderately  eledtrified,  and  another  per- 
fon  take  hold  of  the  frame  with  one  hand,  fo  that  his  fingers 
touch  its  infide  gilding,  and  with  the  other  hand  endeavour 
to  take  off  the  crown,  he  will  receive  a  terrible  blow,  and  fail 
In  the  attempt.  The  operator  who  holds  the  picture  by  the.. 

♦"Franklin’s  Letters,  new  edition,  p.  324.  f  Ibid.  p.  29. 
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upper  end,  where  the  infide  of  the  frame  is  not  gilt,  to  prevent 
its  falling,  feels  nothing  of  the  {hock,  and  may  touch  the  face  of 
the  picture  without  danger,  which  he  pretends  to  be  a  tcft  of 
his  loyalty.  If  a  ring  of  perfons  take  a  fhock  among  them,  the 
experiment  is  called  the  conspirators. 

As  the  eledric  Ere  may  -be  made  to  take  whatever  circuit  the 
operator  {hall  pleafe  to  di-red,  it  may  be  thrown  into  a  great 
variety  of  beautiful  forms.  Thus,  if  a  charged  phial  be  placed 
at  one  extremity  of  the  gilding  of  a  book,  and  theodifcharge  be 
made  by  a  wire  which  touches  the  other  extremity,  the  whole 
gilding  will  be  rendered  luminous.  But  if  feveral  pretty  ftrong 
fhocks  be  Sent  through  the  fame  gilding,  they  will  foon  render  it 
incapable  of  transmitting  any  more,  by  breaking  and  Separating 
the  parts  too  far  afunder.  Alfo  the  eledric  conftellations  and 
figures,  mentioned  above,  may  be  lighted  up  much  more  ftrong- 
ly  by  a  charged  phial  than  by  fparks  from  the  condudor ;  only, 
they  cannot  be  lighted  up  fo  often  in  this  way. 

On  the  lame  principle  that  the  wires  of  phials  charged  diffe¬ 
rently  will  attrad  and  repel  differently,  is  made  an  electrical 
wheel,  which  Dr.  Franklin  fays,  turns  with  confiderable  ftrength, 
and -of  which  he  gives  the  following  defcription.  A  Small  up¬ 
right  {haft  of  wood  paffes  at  right  angles  through  a  thin  round 
board,  of  about  twelve  inches  diameter,  and  turns  on  a  fharp 
point  of  iron,  fixed  in  the  lower  end ;  while  a  ftrong  wire  in 
the  upper  end,  pafling  through  a  Small  hole  in  a  thin  brafs  plate, 
keeps  the  fhaft  truly  vertical.  About  thirty  radii,  of  equal  length, 
made  of  fafh  glafs,  cut  in  narrow  flips,  ifiue  horizontally  from 
the  circumference  of  the  board ;  the  ends  moft  diftant  from 
the  center  being  about  four  inches  apart.  On  the  end  of  every 
one  a  brafs  thimble  is  fixed. 

If  now  the  wire  of  a  bottle,  eledrified  in  the  common  way, 

be  brought  near  the  circumference  of  this  wheel,  it  will  attrad 
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the  neareft  thimble,  and  fo  put  the  wheel  in  motion.  That  thim¬ 
ble,  in  palling  by,  receives  a  fpark,  and  thereby  being  eledrified, 
is  repelled,  and  fo  driven  forwards,  while  a  fecond  being  at¬ 
tracted  approaches  the  wire,  receives  a  fpark,  and  is  driven  after 
the  frit ;  and  fo  on,  till  the  wheel  has  gone  once  round ;  when 
the  thimbles  before  electrified  approaching  the  wire,  inltead  of  be¬ 
ing  attracted,  as  they  were  at  frit,  are  repelled,  and  the  motion 
prefently  ceafes. 

But  if  another  bottle,  which  had  been  charged  through  the 
coating,  be  placed  near  the  fame  wheel,  its  wire  will  attract 
the  thimble  repelled  by  the  frit,  and  thereby  double  the  force 
that  carries  the  wheel  round ;  and  not  only  take  out  the  fire  that 
had  been  communicated  by  the  thimbles  to  the  firft  bottle, 
but  even  robbing  them  of  their  natural  quantity,  inftead  of  being 
repelled  when  they  come  again  towards  the  firfl:  bottle,  they  are 
more  ftrongly  attracted ;  fo  that  the  wheel  mends  its  pace,  till 
it  goes  with  great  rapidity,  twelve  or  fifteen  rounds  in  a  minute, 
and  with  fuch  ftrength,  that  the  weight  of  one  hundred  Spanifn 
dollars,  with  which  we  once  loaded  it,  did  not  in  the  leaf;  feem 
to  retard  its  motion.  This  is  qalled  an  electrical  jack,  and 
if  a  large  fowl  was  fpitted  on  the  upper  fhaft,  it  would  be 
carried  round  before  a  fire,  with  a  motion  fit  for  roafting. 

But  this  wheel,  continues  the  Doctor,  like  thofe  driven  by  wind, 
moves  by  a  foreign  force,  to  wit  that  of  the  bottles. 

The  self  moving  wheel,  though  conftructed  on  the  fame 
principles,  appears  more  furprifing.  It  is  made  of  a  thin  round 
plate  of  window  glafs,  feventeen  inches  diameter,  well  gilt  on 
both  fides,  all  but  two  inches  next  the  edge.  Two  fmall  hemif- 
pheres  of  wood  are  then  fixed  with  cement  to  the  middle  of  the  up¬ 
per  and  under  fides,  centrally  oppofite ;  and  in  each  of  them  a 
thick  firong  wire,  eight  or  ten  inches  long,  which  together 
makes  the  axis  of  the  wheel.  It  turns  horizontally,  on  a  point 
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at  the  lower  end  of  its  axis,  which  refts  on  a  bit  of  brafs,  ce¬ 
mented  within  a  glafs  fait  cellar.  The  upper  end  of  its  axis 
pafles  through  a  hole  in  a  thin  brafs  plate,  cemented  to  a  long 
and  ftrong  piece  of  glafs  ;  which  keeps  it  fix  or  eight  inches  dif- 
tant  from  any  non-electric,  and  has  a  fmall  ball  -  of  wax  or 
metal  on  its  top,  to  keep  in  the  fire. 

In  a  circle  on  the  table  which  fupports  the  wheel ;  are  fixed 
twelve  fmall  pillars  of  glafs,  at  about  eleven  inches  diftance,  with 
a  thimble  on  the  top  of  each.  On  the  edge  of  the  wheel  is  a  fmall 
leaden  bullet,  communicating  by  a  wire  with  the  gilding  of  the 
upper  furface  of  the  wheel ;  and  about  fix  inches  from  it,  is 
another  bullet,  communicating,  in  like  manner,  with  the  under 
furface.  When  the  wheel  is  to  be  charged  by  the  upper  furface, 
a  communication  muft  be  made  from  the  under  furface  to  the 
table. 

When  it  is  well  charged,  it  begins  to  move.  The  bullet  nearefi: 
to  a  pillar  moves  towards  the  thimble  on  that  pillar,  and, 
paffing  by,  electrifies  it,  and  then  pufhes  itfelf  from  it.  The 
fucceeding  bullet,  which  communicates  with  the  other  furface 
of  the  glafs,  more  llrongly  attracts  that  thimble,  on  account 
of  its  being  electrified  before  by  the  other  bullet,  and  thus  the 
wheel  increafes  its  motion,  till  the  refinance  of  the  air  regulates 
it.  It  will  go  half  an  hour,  and  make,  one  minute  with  another, 
twenty  turns  in  a  minute,  which  is  600  turns  in  the  whole, 
the  bullet  of  the  upper  furface  giving  in  each  turn  twelve  fparks 
to  the  thimbles,  which  makes  7200  fparks,  and  the  bullet  of 
the  under  furface  receiving  as  many  from  the  thimble,  thofe  bul¬ 
lets  moving  in  the  time  near  2500  feet.  The  thimbles  are  well 
fixed,  and  in  fo  exaCt  a  circle,  that  the  bullets  may  pafs  within  a 
very  fmall  diftance  of  each  of  them. 

If  inftead  of  two  bullets,  you  put  eight,  four  communicating 
with  the  upper  furface,  and  four  with  the  under  furface,  placed 
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alternately  (which  eight,  at  about  fix  inches  didanc.e,  complete 
the  circumference)  the  force  and  fwiftnefs  will  be  greatly  increaf- 
ed,  the  wheel  making  fifty  turns  in  a  minute,  but  then  it 
will  not  continue  moving  fo  long. 

These  wheels,  the  Doctor  adds,  may  be  applied  perhaps  to 
the  ringing  of  chimes,  and  moving  light  made  orreries  *. 

A  phial  makes  the  mod  beautiful  appearances  when  it  is  charg¬ 
ed  without  any  coating  on  the  outfide,  by  putting  the  hand,  or 
any  conductor,  to  it :  for  then,  at  whatever  part  of  the  jar  the 
difcharge  is  made,  the  fire  will  be  feen  to  branch  from  it  in  mod 
beautiful  ramifications  all  over  the  jar,  and  the  light  will  be  fo  in- 
tenfe,  that  the  minuted  of  the  branches  may  be  feen  in  open  day¬ 
light. 

The  difcharge  of  a  large  ele&rical  battery  is  rather  an  awful 
than  a  pleafing  experiment,  and  the  effe&s  of  it,  in  rending 
various  bodies,  in  firing  gun-powder, i  in  melting  wires,  and  in 
imitating  all  the  effe&s  of  lightning,  never  fail  to  be  viewed,  with 
adonifhment.  In  order  to  fire  gun-powder,  it  mud  be  made  up 
into  a  final!  cartridge,  wdth  blunt  wires  inferted  at  each  end,  and 
brought  within  half  an  inch  of  each  other,  through  which  the 
fhock  mud  pafs  :  or  a  very  fmall  wire  may  be  drawn  through  the 
center  of  it,  and  the  explofion  will  be  made  by  its  melting.  A 
common  jar  will  eafily  drike  a  hole  through  a  thick  cover  of 
a  book,  or  many  leaves  of  paper,  and  it  is  curious  to  obferve  the 
bur  railed  on  both  fides,  as  if  the  fire  had  darted  both  ways  from 
the  center.- 

A  considerable  number  of  experiments  with  an  ele&rical 
battery,  fome  of  which  exhibit  fine  appearances,  will  be  particu¬ 
larly  defcribed  in  the  lad  part  of  the  work. 


*  Franklin’s  Letters,  p.  28,  &c. 
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SECTION  III. 


Entertaining  experiments  made  by  A  COMBINATION 
OF  PHILOSOPHICAL  INSTRUMENTS. 


IN  order  to  exhibit  fome  of  the  fined  electrical  experiments, 
the  operator  mud  call  to  his  aid  other  philofophical  in- 
ftruments,  particularly  the  condenfing  machine,  and  the  air 
pump. 

If  the  fountain  made  by  condenfed  air  be  infulated,  and  be 
made  to  emit  one  dream,  that  dream  will  be  broken  into  a 
thoufand,  and  equally  difperfed  over  a  great  fpace  of  ground, 
when  the  fountain  is  electrified  ;  and  by  only  laying  a  finger 
upon  the  conductor,  and  taking  it  off  again,  the  operator  may 
command  either  the  fingle  dream,  or  the  divided  dream 
at  pleafure.  In  the  dark,  the  electrified  dream  appears  quite 
luminous. 

The  greated  quantity  of  eleCtric  light  is  feen  in  vacuo . 
Take  a  tall  receiver  very  dry,  and  in  the  top  of  it  infert  with 
cement  a  wire  not  very  acutely  pointed.  Then  exhaud  the  re¬ 
ceiver,  and  prefent  the  knob  of  the  wire  to  the  conductor,  and 
every  fpark  will  pafs  through  the  vacuum  in  a  broad  dream 
of  light,  vifible  through  the  whole  length  of  the  receiver,  be  it 
ever  fo  tall.  This  dream  often  divides  itfelf  into  a  variety  of 

beautiful 
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beautiful  rivulets,  which  are  continually  changing  their  courfe, 
uniting  and  dividing  again,  in  a  moft  pleafing  manner.  If  a 
jar  be  difcharged  through  this  vacuum,  it  gives  the  appearance  of 
a  very  denfe  body  of  fire,  darting  diredly  through  the  center  of 
the  vacuum,  without  ever  touching  the  fides ;  whereas,  when 
a  fingle  fpark  pafies  through,  it  generally  goes  more  or  lefs  to 
the  fide,  and  a  finger  put  on  the  outfide  of  the  glafs  will  draw  it 
wherever  a  perfon  pleafes.  It  the  veftel  be  grafped  by  both  hands, 
every  fpark  is  felt  like  the  puliation  of  a  great  artery,  and  all  the 
fire  makes  towards  the  hands.  This  pulfatiori  is  felt  at  fome 
difiance  from  the  receiver;  and  in  the  dark,  a  light  is  feen  betwixt 
the  hands  and  the  glafs. 

All  this  while  the  pointed  wire  is  fuppofed  to  be  eledrified 
pofitively ;  if  it  be  eledrified  negatively,  the  appearance  is  re¬ 
markably  different.  Inftead  of  fireams  of  fire,  nothing  is  feen  but 
one  uniform  luminous  appearance,  like  a  white  cloud,  or  the 
milky  way  in  a  clear  fiar-light  night.  It  feldom  reaches 

the  whole  length  of  the  veflel,  but  is  generally  only  like  a  lucid 
ball  at  the  end  of  the  wire. 

A  very  beautiful  appearance  of  eledric  light  in  a  darkened 
room  may  alfo  be  produced  by  inferting  a  fmall  phial  into  the 
neck  of  a  tali  receiver,  fo  that  the  external  furface  of  the  glafs 
may  be  expofed  to  the  vacuum.  The  phial  muft  be  coated  on  the 
mfide,  and  while  it  is  charging,  at  every  fpark  taken  from 
the  condudor  into  the  infide,  a  flalh  of  light  is  feen  to  dart,  at 
the  fame  time,  from  every  part  of  the  external  furface  of  the 
jar,  fo  as  quite  to  fill  the  receiver.  Upon  making  the  difcharge, 

the  light  is  feen  to  return  in  a  much  clofer  body,  the  whole  com¬ 
ing  at  once. 

But  the  moft  beautiful  of  all  the  experiments  that  can  be  ex¬ 
hibited  by  the  eledric  light  is  Mr.  Canton’s  aurora  borealis, 
of  which  the  following  is  but  an  imperfed  defcription.  Make 

a  Tor, 
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a  Torricellian  vacuum  in  a  glafs  tube,  about  three  feet  long,  and 
feal  it  hermetically,  whereby  it  will  be  always  ready  for  ufe.  Let 
one  end  of  this  tube  be  held  in  the  hand,  and  the  other  applied 
to  the  condudor,  and  immediately  the  whole  tube  will  be  illu¬ 
minated,  from  end  to  end ;  and  when  taken  from  the  con¬ 
dudor,  will  continue  luminous  without  interruption  for  a  con- 
fiderable  time,  very  often  above  a  quarter  of  an  hour.  If, 
after  this,  it  be  drawn  through  the  hand  either  way,  the 
light  will  be  uncommonly  intenfe,  and  without  the  leaf!;  inter¬ 
ruption  from  one  hand  to  the  other,  even  to  its  whole  length. 
After  this  operation,  which  difcharges  it  in  a  great  meafure,  it 
will  dill  flafh  at  intervals,  though  it  be  held  only  at  one  , ex¬ 
tremity,  and  quite  dill  ;  but  if  it  be  grafped  by  the  other  hand, 
at  the  fame  time,  in  a  different  place,  drong  dafhes  of  light  will 
hardly  ever  fail  to  dart  from  one  end  to  the  other  ;  and  this  will 
continue  twenty* four  hours,  and  perhaps  much  longer,  without 
frefh  excitation.  Small  and  long  glafs  tubes  exhauded  of  air, 
and  bent  in  many  irregular  crooks  and  angles,  will,  when  proper¬ 
ly  electrified  in  the  dark,  beautifully  reprefent  dafhes  of  light¬ 
ning. 

1  SHALL- conclude  this  defcription  of  entertaining  experiments 
with  an  account  of  the  manner  in  which  Dr.  Franklin  and  his 
friends  clofed  the  year  1748,  The  hot  weather  coming  on, 
when  eledrical  experiments  were  not  fo  agreeable,  they  put  an 
end  to  them  for  that  feafon,  as  the  Dodtor  fays,  fomewhat 
humoroudy,  in  a  party  of  pleafure  on  the  banks  of  the  Skuylkil. 
Fird,  fpirits  were  fired  by  a  fpark  lent  from  fide  to  fide  through 
the  river,  without  any  other  condudor  than  the  water.  A 
turkey  was  killed  for  their  dinner  by  the  eledrical  fliock, 
and  roaded  by  the  eledrical  jack,  before  a  fire  kindled  by  the 
eledrified  bottle,  when  the  healths  of  all  the  famous  eledri- 
cians  in  England,  Holland,  France,  and  Germany,  were  drunk 
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in  electrified  bumpers,  under  a  difcharge  of  guns  from  the  elec¬ 
trical  battery  *. 

Happy  would  the  author  of  this  treatife  be  to  fee  all  the  great 
electricians  of  Europe,  or  even  thofe  in  England,  upon  fuch  an 
occafion,  and  efpecially  after  having  made  difcoveries  in  electri¬ 
city  of  equal  importance  with  thofe  made  in  Philadelphia  in  the 
year  referred  to.  With  pleafure  would  he  obey  a  fummons  to 
fuch  a  rendezvous,  though  it  were  to  ferve  the  illufirious  com¬ 
pany  in  the  capacity  of  operator,  or  even  in  the  more  humble 
office  of  waiter.  Chearfulnefs  and  focial  intercourfe  do,  both 
of  them,  admirably  fuit,  and  promote  the  true  fpirit  of  phi- 
lofophy. 


Franklin’s  Letters,  p.  35. 
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NEW  EXPERIMENTS  IN  ELECTRICITY,  MADE  CHIEFLY 

IN  THE  YEAR  1 766.  I 

:  .  ,111.  fj  %  T>  . 

•  <r  ’  *  *  ' 

I  SHALL,  in  the  laft  part  of  this  work,  prefent  my  reader 
with  an  account  of  fuch  new  experiments  in  electricity  as  this 
undertaking  has  led  me  to  make.  I  hope  the  perufal  of  this 
work  may  fugged  many  more,  and  more  confiderable  ones  to 
my  readers,  and  then  I  fhall  not  think  that  I  have  written  in  vain. 

To  make  this  account  the  more  ufeful  to  fuch  perfons  as  may 
be  willing  to  enter  into  philofophical  invedigations,  I  fliall  not 
fail  to  report  the  real  views  with  which  every  experiment  was 
made,  falfe  and  imperfeCt  as  they  often  were.  I  was  always 
greatly  pleafed  with  the  extreme  exadnefs  and  fimplicity  of  Mr. 
Grey,  and  fhall,  therefore,  imitate  his  artlels  manner.  And 
though  an  account  of  experiments  drawn  up  on  this  plan  be 
lefs  calculated  to  do  an  author  honour  as  a  philofopher ;  it  will, 
probably,  contribute  more  to  make  other  perfons  philofophers, 
which  is  a  thing  of  much  more  confequence  to  the  public. 

Many  moded  and  ingenious  perfons  may  be  engaged  to  at¬ 
tempt  philofophical  invedigations,  when  they  fee,  that  it  re¬ 
quires  no  more  fagacity  to  find  new  truths,  than  they  themfelves 
are  maders  of ;  and  when  they  fee  that  many  difcoveries  have 

been 
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been  made  by  mere  accident,  which  may  prove  as  favourable 
to  them  as  to  others.  Whereas  it  is  a  great  difcouragement  to 
young  and  enterprifmg  geniufes,  to  fee  philofophers  propofing 
that  frrft,  which  they  themfelves  attained  to  laft;  firft:  laying 
down  the  proportions  which  were  the  refult  of  all  their  experi¬ 
ments,  and  then  relating  the  faCts,  as  if  every  thing  had  been 
done  to  verify  a  true  preconceived  theory. 

This  fynthetic  method  is,  certainly,  the  moft  expeditious  way 
of  making  a  perfon  underftand  a  branch  of  fcience  ;  but  the  ana¬ 
lytic  method,  in  which  difcoveries  were  actually  made,  is  mod 
favourable  to  the  progrefs  of  knowledge. 

I  have,  indeed,  endeavoured  to  make  the  whole  preceding 
liiftory  of  electricity  ufeful  in  this  view,  by  not  contenting  my- 
felf  with  informing  the  reader  what  difcoveries  have  been 
made ;  but,  wherever  it  could  be  done,  acquainting  him  how  they 
were  made,  and  what  the  authors  of  them  had  in  view  when 
they  made  them.  In  general,  this  has  not  been  difficult  to 
do,  the  faCts  being  recent,  and  moft  of  the  perfons  concerned 
now  living.  And,  perhaps,  in  no  branch  of  fcience  has  there 
been  lcfs  owing  to  genius,  and  more  to  accident ;  fo  that  no  per¬ 
fon,  who  will  give  a  little  attention  to  the  fubjeCt,  need  be  with¬ 
out  hopes  of  adding  fomething  to  the  common  flock  of  ele&ri- 
cal  difcoveries.  Nay,  it  would  be  extraordinary,  if,  in  a  great 
number  of  experiments,  in  which  things  were  put  into  a  variety 
of  new  fituations,  no  new  faCt,  worth  communicating  to  the 
public,  fhould  arife. 

The  method  I  propofe  will,  likewife,  give  the  moft  pleafure  to 
thofe  perfons,  who  delight  in  tracing  the  real  progrefs  of  the 
human  mind,  in  the  inveftigation  of  truth,  and  the  acquifition 
of  knowledge ;  as  I  hope  it  will  carry  with  it  fufficient  evidence 
of  its  own  authenticity.  For  this  progrefs,  wre  may  affine  our- 
felves,  has,  in  all  cafes,  b^pn  by  eafy  fteps,  even  when  it  has 
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been  the  moft  rapid.  Were  it  poffible  to  trace  the  fucceffion  of 
ideas  in  the  mind  of  Sir  Ifaac  Newton,  during  the  time  that 
he  made  his  greateft  difcoveries,  I  make  no  doubt  but  our  amaze¬ 
ment  at  the  extent  of  his  genius  would  a  little  fubfide.  But  if, 
when  a  man  publiffies  difcoveries,  he,  either  through  defign,  or 
through  habit,  omit  the  intermediate  fteps  by  which  he  himfelf 
arrived  at  them ;  it  is  no  wonder  that  his  fpeculations  confound 
others,  and  that  the  generality  of  mankind  {land  amazed  at  his 
reach  of  thought.  If  a  man  afcend  to  the  top  of  a  building  by 
the  help  of  a  common  ladder,  but  cut  away  moft  of  the  fteps  af¬ 
ter  he  has  done  with  them,  leaving  only  every  ninth  or  tenth 
ftep;  the  view  of  the  ladder,  in  the  condition  in  which  he  has 
been  pleafed  to  exhibit  it,  gives  us  a  prodigious,  but  an  unjuft 
idea  of  the  man  who  could  have  made  ufe  of  it.  But  if  he  had 
intended  that  any  body  fhould  follow  him,  he  fhould  have  left 
the  ladder  as  he  conftruded  it,  or  perhaps  as  he  found  it,  for  it 
might  have  been  a  mere  accident  that  threw  it  in  his  way.  It 
is  poffible  he  had  even  better  have  deftroyed  it  intirely;  as,  in 
fome  cafes,  a  perfon  would  more  eaftly  make  a  new  ladder  of  his 
own,  than  repair  an  old  and  damaged  one. 

That  Sir  Ifaac  Newton  himfelf  owed  fomething  to  a  cafual 
turn  of  thought,  the  hiftory  of  his  aftronomical  difcoveries  in¬ 
forms  us  ;  and  where  we  fee  him  moft  in  the  character  of  an  ex- 

A  _  v  f 

perimental  philofopher,  as  in  his  optical  inquiries  (though  the 
method  of  his  treatife  on  that  fubjefl  is  by  no  means  purely  ana¬ 
lytical)  we  may  eafily  conceive  that  many  perfons,  of  equal  pa¬ 
tience  and  induftry  (which  are  not  called  qualities  of  the  under- 
ftanding)  might  have  done  what  he  did.  And  were  it  poffible  to 
fee  in  what  manner  he  was  f  rft  led  to  thofe  fpeculations,  the  very 
fteps  by  which  he  purfued  them,  the  time  that  he  fpent  in 
making  experiments,  and  all  the  unfuccefsful  and  infignificant 
ones  that  he  made  in  the  courfe  of  them  ;  as  our  pleafure  of 

one 
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one  kind  would  be  increafed,  our  admiration  .would  probably 
decreaie.  Indeed  he  himfelf  ufed  candidly  to  acknowledge, 
that  if  he  had  done  more  than  other  men,  it  was  owing  rather 
to  a  habit  of  patient  thinking ,  than  to  any  thing  elfe. 

I  do  not  fay  thefe  things  to  detract  from  the  merit  of  tbe 
great  Sir  Ifaac  Newton;  but  I  think  that  the  interefts  of  fcience 
have  buffered  by  the  exceffive  admiration  and  wonder,  with  which 
feveral  firft  rate  philofophers  are  confidered ;  and  that  an  opinion 
of  the  greater  equality  of  mankind,  in  point  of  genius,  and 
powers  of  underftanding,  would  be  of  real  fervice  in  the  pre- 
fent  age.  It  would  bring  more  labourers  into  the  common 
field  ;  and  fomething  more,  at  leaf!,  would  certainly  be  done  in 
confequence  of  it.  For  though  I  by  no  means  think  that  phi— 
lofophical  difcoveries  are  at  a  Hand,  I  think  the  progrefs  might 
be  quickened,  if  ftudious  and  modeft  perfons,  inftead  of  confining 
themfelves  to  the  difcoveries  of  others,  could  be  brought  to  en¬ 
tertain  the  idea,  that  it  was  poffible  to  make  difcoveries  them¬ 
felves.  And,  perhaps,  nothing  would  tend  more  effectually  to 
introduce  that  idea,  which  is  at  prefent  very  remote  from  the 
minds  of  many,  in  which  it  ought  to  have  a  place,  than  a  faith¬ 
ful  hiftory  of  the  manner  in  which  philofophical  difcoveries  have 
actually  been  made  by  others. 

That  this  fidelity  has  been  preferved  in  the  following  nar¬ 
rative,  I  make  no  doubt  of  its  being  its  own  voucher.  Its  im¬ 
perfections  will  be  a  fufficient  evidence.  The  fame  fidelity  will 
alfo  oblige  me  to  relate  feveral  faCts  as  appearing  new  to  myfelf, 
which  the  courle  of  the  preceding  hiftory  will  {how  to  have 
been  difcovered  by  others,  though  I  was  not  then  aware  of  it. 
Of  fuch  after-difcoveries,  however,  I  have  mentioned  only  thole 
which,  it  will  be  feen,  I  have  purfued  fomething  farther  than  the 
original  authors,  having  attended  to  circurhftances  overlooked  by 
them;  or,  at  leaft,  having  made  the  experiments  with  more 
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exadnefs,  fo  that  the  reader  may  exped  fomething  really  new 
under  every  article.  And  the  experiments  which  prove  the 
lame  thing  will  be  found  confiderably  different  from  thofe 
of  others,  and  to  furnifh  additional  arguments  of  the  fame  general 
propofitions.  This  repetition  of  old  difcoveries,  and  this  variety 
in  the  experiments  by  which  they  were  made,  were  both  occa- 
fioned  by  a  fituation  which  is  more  or  lefs  common  to  every 
electrician  in  England;  whereby  we  are  ignorant  of  a  great  deal 

of  what  has  been  done  by  others. 

In  the  following  narrative  will  alfobe  found  an  account  not  on¬ 
ly  of  experiments  which  are  complete,  which  exhibit  fome  new 
fad,  and  from  which  fomething  relating  to  the  general  theory  of 
eledricity  may  be  deduced  ;  but  alfo  fome  that  are  incomplete, 
which  produced  no  new  appearance,  and  from  which  nothing 
pofitive  could  be  concluded.  If  eledricians  in  general  had  done 
this,  they  would  have  faved  one  another  a  great  deal  of  ufelefs  la¬ 
bour,  and  would  have  had  more  time  for  making  experiments 
really  new,  and  which  might  have  terminated  in  confiderable 
difcoveries.  Befides,  if  things  be  really  put  into  new  fituations, 
though  nothing  pofitive  can  be  inferred  from  the  experiment,  at 
leaf!  fomething  negative  may  ;  and  this  cannot  be  faid  to  be  of 
no  importance  in  fcience ;  nor,  llridly  fpeaking,  to  be  no  new 
truth.  A  fufficient  number  of  thefe  experiments  may,  in  many 
cafes,  lay  a  foundation  for  probable  and  pofitive  conclufions. 

I  make  no  apology  for  leaving  fo  many  of  thefe  experiments 
imperfed,  and  for  publishing  this  account  of  them  before  they 
have  been  purfued  fo  far  as  it  may,  perhaps,  be  thought  they 
deferve.  I  rather  think  the  generality  of  philofophers  ought  to 
make  an  apology  to  the  public,  for  delaying  the  communication 
of  their  experiments  and  difcoveries  fo  long  as  they  have  done.  It 
is  poffible  I  may  never  have  any  more  leifure  or  opportunity  to 
purfue  them,  and  others  may  better  command  both ;  whereby 
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the  difcoveries  will  be  fooner  brought  to  their  maturity,  and  the 
progrefs  of  this  branch  of  philofophy  accelerated.  The  genuine 
fpirit  of  philofophy  is,  furely,  not  that  of  mechanics,  who  make 
the  molt  of  every  little  improvement  in  their  arts,  and  never  di¬ 
vulge  them,  till  they  can  make  no  more  advantage  of  them 
themfelves.  If  I  could  this  day  communicate  to  any  fellow- 
labourer  a  hint,  which  it  was  more  probable  he  could  immediately 
purfue  to  advantage  than  myfelf,  I  would  not  defer  it  till  to¬ 
morrow.  Nor  do  I  think  it  is  any  great  boaft  of  a  philofophical 
indifference  to  fame  to  make  this  declaration.  The  great  Sir 
Ifaac  Newton  feems  to  have  had  no  idea  of  the  purfuit  of  fame. 
He  deferred  the  communication  of  his  important  difcoveries 
through  real  modefty,  thinking  it  impertinent  to  trouble  the 
public  with  any  thing  imperfect.  I  make  no  pretenfions  to 
that  kind  of  modefty.  Whether  it  be  of  a  true  or  a  falfe  kind,  I 
think  it  manifeftly  injurious  to  the  progrefs  of  knowledge.  Like 
thofe  who  contended  in  one  of  the  games  of  ancient  Greece,  I  fhall 
immediately  deliver  my  torch  to  any  perfbn  who  can  carry  it  with 
more  dexterity.  If  others  do  the  fame,  it  may  come  into  my  hands 
again,  feveral  times,  before  we  reach  the  goal. 

It  may  be  faid,  that  I  ought,  at  leaft,  to  have  waited  till  I 
had  feen  the  connection  of  my  new  experiments  with  thofe  that 
were  made  before,  and  have  fhown  that  they  were  agreeable  to 
fome  general  theory  of  eledricity.  But  when  the  fads  are  before 
the  public,  others  are  as  capable  of  fhowing  that  connection,  and 
of  deducing  a  general  theory  from  them  as  myfelf.  If  but  the 
moft  inconfiderable  part  of  the  temple  of  fcience  be  well  laid  out, 
or  a  fingle  ftone  proper  for,  and  belonging  to  it  be  collected ; 
though  at  prefent  it  be  ever  fo  much  detached  from  the  reft  of 
the  building,  its  connection  and  relative  importance  will  appear 
in  due  time,  when  the  intermediate  parts  fhall  be  completed. 
Every  faff  has  a  real,  though  unfeen  connection  with  every 
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other  fad :  and  when  all  the  fads  belonging  to  any  branch  of 
fcience  are  colleded,  the  fyftem  will  form  itfelf.  In  the  mean 
time,  our  guefling  at  the  fyftem  may  be  fome  guide  to  us  in  the 
difcovery  of  the  fads;  but,  at  prefent,  let  us  pay  no  atten¬ 
tion  to  the  fyftem  in  any  other  view;  and  let  us  mutually  com¬ 
municate  every  new  fad  we  difcover,  without  troubling  ourfelves 
about  the  fyftem  to  which  it  may  be  reduced. 

I  think  I  {hall  give  the  moft  diftind  view  of  the  few  things 
that  I  have  obferved,  in  the  fhort  courfe  of  my  eledrical  experi¬ 
ments,  if  I  relate  them  pretty  nearly  in  the  order  in  which  they  oc¬ 
curred,  only  taking  care  not  to  intermix  things  of  a  very  diffe¬ 
rent  nature.  The  earlieft  date  in  my  experiments  is  the  begin¬ 
ning  of  the  year  1766;  when,  in  confequence  of  forming  an  ac¬ 
quaintance  with  fome  gentlemen  who  have  diftinguifhed  them- 
felves  for  their  difcoveries  in  eledricity,  and  of  undertaking  to 
write  the  preceding  hiftory,  my  attention  was  firft  turned  towards 
making  fome  original  experiments  in  this  part  of  Natural  Phi- 
lofophy,  which  had  ferved  for  my  occafional  amufement  fome 
time  before. 


SECTION 
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SECTION  I. 


Experiments  on  EXCITATION,  particularly  of  tubes 

IN  WHICH  AIR  IS  CONDENSED,  AND  OF  LARGE  GLASS 
GLOBES. 


T'INDING  by  my  own  experiments,  and  thofe  of  others, 


JL  that  a  glafs  tube,  out  of  which  the  air  was  exhaufted,  dif- 
covered  no  fign  of  electricity  outwards,  but  that  all  its  effeCts 
were  obferved  on  the  infide ;  I  imagined  that,  if  the  air  was 
condenfed  in  the  tube,  it  would  operate  more  ftrongly  on  the 
outfide;  fo  that  an  additional  atmofphere  would  give  it  a 
double  virtue.  But  the  refult  was  the  very  reverfe  of  my 
expectations. 

Some  time  in  the  month  of  January,  when  the  weather  was 
dry  and  frofly,  I  took  a  glafs  tube,  fuch  as  is  generally  ufed  for 
electrifying,  about  two  feet  and  a  half  in  length,  and  an  inch  in 
diameter.  It  was  clofed  at  one  end,  and  by  means  of  a  brafs 
cap  at  the  other,  I  fitted  a  condenfing  engine  to  it ;  and  when 
the  tube  was  very  dry,  and  in  excellent  order  for  making  expe¬ 
riments,  1  began  to  throw  in  more  air.  At  every  ftroke  of  the 
pifton  I  endeavoured  to  excite  the  tube,  but  found  its  virtue  di- 
minifhed.  It  was  obliged  to  be  brought  nearer  than  before  to 
attraCt  light  bodies,  and  gave  lefs  light  when  rubbed  in  the  dark ; 
till,  as  near  as  I  could  judge,  I  had  got  one  additional  atmo- 
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fphere  into  the  tube,  when  its  power  was  fcarce  difcernible.  Let¬ 
ting  out  the  air  by  degrees,  I  obferved  it  gradually  recovered  its 
power.  It  attracted  light  bodies  at  a  greater  diftance ;  it  gave 
louder  fnappings,  and  more  light  in  the  dark ;  and  when  the  ad¬ 
ditional  air  was  wholly  let  out,  its  power  was  immediately  as 
great  as  it  had  been  before  any  air  was  thrown  in.  This  I  tried 

feverai  times  with  the  fame  fuccefs. 

Communicating  thefe  experiments  to  Dr.  Franklin  and  Dr. 
Watfon,  they  fuggefted  to  me,  that  the  non-excitation  of  the 
tube  above  mentioned  might  be  owing  to  moifture  introduced 
along  with  the  air,  and  adhering  to  the  infide  of  the  tube.  This 
conjecture  was  rendered  more  probable  by  another  experiment  I 
had  made  in  the  mean  time. 

Repeating  my  attempts  to  excite  the  tube  above  mentioned, 

I  found  that,  after  very  hard  rubbing,  it  began  to  ad  a  little ; 
and  that  its  virtue  encreafed  with  the  labour.  Thinking  it  might 
be  the  warmth  which  produced  this  effeCt,  I  held  the  tube  to  the 
fire,  and  found  that  when  it  was  pretty  hot,  it  would  aCt  al- 
moft  as  well  as  when  it  contained  no  more  than  its  ufual  quantity 
of  air.  I  conjectured  that  the  warmth  might  expel  the  moifture 
from  the  fides  of  the  glafs,  or  make  the  enclofed  air  capable  of 
holding  a  greater  quantity  of  water  in  a  hate  of  perfeCt  folu- 

tion. 

Willing  to  determine  whether  the  additional  quantity  of  air 
with  the  moifture  it  occafioned,  aCted  in  all  refpeCts  like  a  non¬ 
electric  coating,  I  tried  the  experiment  with  condenfed  air,  that 
Dr.  Defaguliers  did  with  fand.  After  condenfing  the  air,  and 
finding  the  excitation  of  it  impoftible,  as  ufual,  I  let  the  air  iud- 
'  denly  out,  to  fee  whether  the  tube  would  then  (how  any  effeCt  of 
the  preceding  friction  ;  but  it  had  not  acquired  the  fmalleft  de¬ 
gree  of  eleCtricity ;  though  the  firft  ftroke  of  the  rubber,  im¬ 
mediately  afterwards,  made  it  give  fparks  to  the  linger  at  the  dif¬ 
tance 
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tance  of  two  and  three  inches.  Perhaps  the  degree  of  moifture  it 
had  contraded  was  very  flight,  and  expelled  by  the  ad  of  ex- 
citation. 

Upon  being  defired  to  repeat  this  experiment  with  a  particu¬ 
lar  view  to  the  moifture  ;  I  obferved  that  not  the  leaft  cloudinefs 
could  be  perceived  to  adhere  to  the  glafs,  at  the  time  that  it 
was  abfolutely 'incapable  of  excitation.  When  one  part  of  the 
tube  was  made  warm,  and  the  other  left  cold,  the  fame  ftroke  of 
the  rubber  would  excite  the  warm  part,  without  in  the  leaft  af¬ 
fecting  the  reft.  But  ftill  the  cold  part  of  the  tube  appeared  not 
in  the  leaft  more  cloudy  than  that  which  was  warm;  and  the  mo¬ 
ment  the  air  was  let  out,  the  firft  ftroke  of  the  rubber  made  the 
whole  ftrongly  eleCtrical. 

Willing  to  afcertain  whether  the  condenfing  of  air  n.e- 
ceflarily  introduced  more  moifture  into  a  glafs  veftel  than  the 
air  could  hold  in  perfect  folution,  I  conftruded  a  glafs  condenfer 
in  fuch  a  manner,  that  I  could  charge  and  difcharge  fmall 
phials  in  the  infide  of  it ;  concluding,  that  if  the  additional  air 
brought  more  additional  moifture,  it  would  be  impoflible  to 
charge  a  phial  at  all  in  thofe  circumftances ;  whereas,  if  the  air 
was  free  from  moifture,  it  would  make  the  phial  hold  a  greater 
charge,  double  in  two  atmofpheres,  treble  in  three,  &c.  Accord- 
ingly,  I  charged  a  tube  about  three  quarters  of  an  inch  in  dia¬ 
meter,  and  coated  about  eight  inches,  in  the  glafs  veftel,  con¬ 
taining  about  two  atmofpheres ;  and  it  received  a  much  greater 
charge  than  it  could  be  made  to  take  in  the  open  air,  and  as  near 
as  could  be  judged,  by  the  report  and  flafh,  twice  as  great.  At 
laft  the  tube  burft  by  a  fpontaneous  difcharge,  after  being  charged 
and  difcharged  three  or  four  times,  in  the  condenfed  air.  It  is 
not  at  all  probable,  that  it  could  have  been  broke  by  any 
charge  it  could  have  held  in  the  open  air.  This  experiment 
feemed  to  determine,  that  there  was  no  very  great  degree  of 
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moifture  introduced  into  the  glafs  veffel  by  the  condenfation  of 

air.  j 

I  afterwards  found  that  experiments  on  condenfed  air  had 

been  made  by  Mr.  Du  Fay  and  others,  but  not  with  all  the  .cir- 

cumftances  above  mentioned. 

Some  of  my  electrical  friends  are  of  opinion,  that  the  reafon 
why  a  tube  with  condenfed  air  in  it  cannot  be  excited  is,  that 
the  denfe  air  within  prevents  the  dearie  fluid  from  being 
forced  out  of  the  infide  of  the  tube,  without  which  none  can 
be  forced  into  the  outfide ;  and  that  heating  the  tube  makes  the 
air  within  lefs  electrical,  and  the  tube  alfo ;  in  confequence  of 
which,  it  more  eafily  parts  with  the  fluid  on  one  fide,  and 
admits  it  on  the  other.  But  upon  this  principle  how  can  a  folid 
flick  of  glafs  be  excited  ? 

Imagining  that  a  greater  quantity  of  electric  fire  would  be 
produced  from  the  friaion  of  larger  globes  than  thofe  of  the 
ufual  fize,  I  provided  myfelf  on  the  24th  of  April  1766,  with  a 
globe  feventeen  inches  and  a  half  in  diameter.  It  had  only 
one  neck,  and  was  made  exceedingly  well ;  only  being  rather  top 
large  for  the  mouth  of  the  furnace,  a  fmall  coal  had  ftuck  to 
its  equatorial  diameter,  which,  when  it  was  ftruck  off,  made 
a  fmall  hole  in  it.  This,  in  fome  meafure,  disfigured  the  globe, 
but  I  never  imagined  it  could  prevent  its  excitation  in  any  great 
degree ;  fo  that  I  ftill  indulged  hopes  of  acquiring,  by  its  means, 
a  prodigious  power  of  electricity.  But  what  was  my  furprize 
when,  after  I  had  got  it  mounted  in  the  beft  manner  poflible, 
and  after  trying,  for  hours  together,  every  method  of  friction, 
in  the  moft  favourable  circumflances  for  excitation,  1  could 
fcarce  get  the  appearance  of  fire  from  it ;  the  fparks  from  the 
the  prime  conductor  being  barely  vifible. 

Acquainting  Dr.  Franklin  with  my  difappointment,  he  ad- 

vifed  me  to  get  the  firfl  coat  of  the  globe  taken  off  with  emery  ; 

as 
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as  it  had  often  been  obferved,  that  many  globes  would  not  work 
well,  till  after  a  confiderable  time,  when  the  glafs-houfe  coat, 
as  it  may  be  called,  is  worn  off.  This  operation  I  accordingly 
performed  upon  it,  and  incredibly  laborious  it  proved  ;  which 
greatly  increafed  my  difappointment,  when  I  found  that  it  had 
all  been  labour  in  vain,  for  the  globe  had  no  more  ele&rical 
power  than  before. 

Disp airing  of  making  any  thing  of  this  globe,  I  laid  it 
afide,  and,  on  the  2 2d  of  May,  got  another,  about  fourteen 
inches  in  diameter.  In  blowing  this  globe,  every  circumftance 
that  I  could  imagine  had,  in  the  leaft,  contributed  to  my  ill- 
fuccefs  with  the  former,  was  carefully  avoided.  The  former 
was  made  late  in  the  week,  when  the  metal  had  been  long  in 
fufion  ;  becaufe  I  had  been  told,  that  globes  made  in  that  (late 
of  the  metal  were  always  the  bed;  for  electrical  purpofes.  This 
was  blown  early  in  the  week,  when  the  workmen  fay  the 
metal  is  moft  tranfparent,  and  freeft  from  all  kinds  of  imper¬ 
fections.  The  former  was  warmed,  in  the  courfe  of  making  it, 
in  a  place  in  which  wood  and  coals  were  frequently  thrown, 
to  keep  up  the  heat.  This  was  kept  free  from  the  fumes  of 
any  fuel  whatever.  Nothing  could  be  finer  than  the  metal  of 
this  globe,  nothing  more  perfect  in  its  form.  It  was  alfo  very 
well  mounted,  and  I  did  not  doubt  offuccefs.  But,  after  all, 
this  globe,  if  poflible,  gave  lefs  fire  than  the  former.  I  had  re- 
courfe  to  every  method  of  excitation  that  I  had  ever  heard  of, 
or  could  myfelf  imagine,  but  all  in  vain.  The  thing  looked 
like  enchantment. 

Whilst  I  was  thinking  over  every  thing  that  I  could  ima¬ 
gine  might  poflibly  be  the  caufe  of  my  ill  fuccefs  with  thefe 
globes,  I  recolleCled,  that  another  globe,  which  I  had  got  made 
for  a  friend,  in  the  fame  ftate  of  the  metal  with  my  laft,  and  only 
an  inch  and  half  lefs  in  diameter,  aCled  exceedingly  well ;  and 
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that  there  was  no  other  apparent  difference  between  them,  but 
that  his  had  two  necks,  and  an  axis  quite  through  it;  whereas 
mine  had  only  one  neck,  and  no  axis  at  all.  Willing  to  try  every 
thing,  I  refolved  to  get  the  brafs  cap  of  my  globe  perforated, 
and  a  fmall  wire  introduced,  to  ferve  inftead  of  an  axis.  This 
was  done  j  but,  in  making  the  perforation,  it  happened,  unfor¬ 
tunately,  as  I  then  thought,  but  the  mod  fortunately  in  the 
world  as  it  proved,  that  a  lump  of  hard  cement,  about  the  big- 
nefs  of  a  fmall  walnut  was  puffed  into  the  infide  of  the  globe. 
Vexatious  as  this  circumftance  was,  I  was  impatient  to  try  my 
new  experiment,  and  immediately  began  to  whirl  the  globe, 
with  this  fuccedaneum  of  an  axis,  though  the  cement  was  all 
the  while  rattling,  and  fouling  the  infide. 

I  had  not  whirled  the  globe  long,  in  thefe  circumffances,  be¬ 
fore  I  plainly  perceived  that  its  power  increafed.  After  fome 
time  it  was  pretty  confiderable,  and  I  did  not  doubt  but  it  was 
owing  to  the  axis ;  nay  I  had  formed  a  pretty  plaufible  theory, 
to  account  for  an  axis  being  neceffary  to  a  globe  of  fuch  a  fize. 
Willing,  however,  to  verify  the  fad,  and  afeertain  my  new 
hypothecs,  I  took  out  the  wire ;  but,  to  my  furprife,  found  the 
virtue  of  the  globe  not  at  all  diminiffed.  On  the  contrary, 
it  continued  increafing,  and  by  the  time  that  the  cement 
was  well  broken,  and  difperfed,  fo  as  to  have  given  a  kind  of 
lining  to  the  globe,  it  power  was  exceedingly  ftrong,  and  it 
*&ed  as  well  as  any  globe  I  had  ever  feen.  In  this  ftate,  I  ob- 
ferved,  that  after  exciting  any  part  of  the  furface,  the  fmall 
pieces  of  cement  in  the  infide,  to  the  diftance  of  about  two  inches, 
would  jump  from  the  finger,  or  any  conductor,  prefented  on 
the  outfide. 

Having,  in  this  unexpeded  manner,  made  a  perfed  cure  of 
this  fmaller  globe,  I  remounted  the  larger,  and  confidering, 
that  the  cement  could  probably  ad  only  as  any  other  eledl;ric 

lining, 
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lining,  I  introduced  into  it  fome  pounded  fulphur,  mixed  with 
fome  flower  of  brimftone;  and  found  that,  as  foon  as  there 
was  enough  to  render  it  femi-opaque,  it  adfted  very  well. 

In  this  ftate,  the  appearance  of  the  globe  was,  in  feveral 
refpeds,  very  remarkable.  The  part  that  was  rubbed  had 
none  of  the  fulphur  upon  it,  except  thofe  places  where  the  polifh 
had  been,  in  fome  meafure,  taken  off  by  the  emery,  in  the  firft 
operation.  Thefe  being  circular,  the  brimftone  lay  upon  them, 
like  the  belts  of  Jupiter.  The  hemifphere  oppofite  to  the  neck 
had  twice  as  much  fulphur  upon  it  as  the  other ;  and,  in  both 

hemifpheres,  the  fulphur  lay  thicker,  as  it  receded  from  the  equa¬ 
torial  diameter. 

I  afterwards  put  as  much  more  fulphur  into  it,  which 
doubled  the  lining  equally  every  where;  but  left  two  or  three  great 
heaps,  in  particular  parts  of  the  equatorial  diameter,  where  it 
was  rubbed,  and  where  I  could  perceive  no  defeat  of  polifh. 
Whirling  the  globe,  upon  this,  I  found  the  virtue  almoft  quite 
gone,  and  even  the  amalgam  could  not  revive  it.  Endeavour¬ 
ing  to  take  the  fulphur  out  of  the  globe,  I  broke  a  great  hole 
into  it ;  and  alfo  the  new  globe  was  broken  the  fame  day,  by  a 
lump  of  hard  cement,  in  the  infide,  falling  from  the  top  to 
the  bottom.  Thefe  accidents  rendered  my  experiments  incomplete. 

I  then  propofed  to  get  another  large  globe,  with  one  neck,  and 
a  large  hole  in  the  oppofite  fide  ;  by  means  of  which  I  could  eafily 
put  different  fubftances  into  it,  and  take  them  out  again,  in  order 
to  find  the  caufe  of  the  appearances  above  mentioned.  But  ap¬ 
prehending  this  courfeof  experiments  might  prove  a  little  too  ex- 
penfive,  and,  after  all,  terminate  in  nothing,  I  unwillingly  defifted. 

I  shall  add  to  this  fedtion,  on  the  fubjedt  of  excitation,  that 
I  once  whirled  a  very  thin  globe,  about  fix  or  feven  inches  in 
diameter,  which  was  made  to  weigh  air,  and  not  one  fourth 
part  fo  thick  as  a  common  Florence  flafk,  It  was  excited  very 

power- 
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powerflilly  by  a  piece  of  leather  which  had  been  foaked  in  a 
mixture  of  tallow  and  bees  wax,  and  into  which  a  quantity 
of  amalgam  had  been  worked.  With  this  globe  I  could  make 
my  common  jar  difcharge  itfelf  over  more  than  five  inches  of 
the  external  furface,  which  I  reckon  to  be  a  confiderable  proof 
of  its  power.  It  feems  to  follow  from  this  experiment,  that 
the  thinnefs  of  glafs  globes,  or  tubes,  is  by  no  means  any  obftruc- 
tion  to  their  ele&ric  power. 

In  the  courfe  of  thefe  experiments  I  had  read  Mr.  Bergman  s 
account  of  his  curing  a  globe  by  a  lining  of  melted  fulphur,  and 
had  propofed  to  try  that  in  the  laft  place,  on  account  of  the  dif- 
agreeable  operation ;  but  found  it  fuperfeded  in  the  manner  de- 
fcribed  above. 
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LVURING  a  courfe  of  eledtrical  experiments,  made  to  di- 
J  vert  fome  of  my  friends,  one  of  the  company  hap¬ 
pened  to  prefent  a  pointed  wire  to  my  hand,  as  I  was  handing 
upon  an  infulated  ftoolj  when  I  was  furprifed  to  perceive  a  cool 
blafl  proceeding  from  it;  though,  according  to  Dr.  Franklin’s 
theory,  the  current  of  the  fluid  went  from  my  hand  to  the  point. 
I  then  prefented  my  noftrils  to  the  point,  and  perceived  the 
fame  ftrong  phofphoreal  fmell,  as  if  the  point  had  been  electri¬ 
fied  pofitively.  Thefe  faCts  made  me  entertain  fome  doubts 
about  the  direction  of  the  current,  and  the  principles  of  Dr. 
Franklin’s  theory,  and  led  me  to  the  following  courfe  of  experi¬ 
ments  ;  which  prove  nothing  againfl  that  theory,  but  eftablifh 
a  real  current  of  air  from  the  points  of  all  electrified  bodies. 

Considering  that  flame  is  the  leaf!  fenfibly  affeCted  with  elec¬ 
trical  attraction  or  repulfion,  but  moil  eafily  with  the  leaft  breath 
of  air  ;  and  not  doubting  at  that  time,  but  that  the  current  of 
air  would  be  in  the  direction  of  the  fluid,  being,  as  it  were,  im¬ 
pelled  by  it ;  I  prefented  the  flame  of  a  candle  to  a  pointed 

wire, 
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wire,  electrified  negatively,  as  well  as  pofitively.  Theblaftwas 
fo  ftrong  (in  both  cafes  alike)  as  to  lay  bare  the  greateft  part  of 
the  wick,  the  flame  being  driven  from  the  point ;  and  fometimes 
a  pretty  large  candle  would  be  actually  blown  out  by  the  blaft. 
But,  in  all  cafes,  the  effeCt  was  the  fame  whether  the  eleCtric  fluid 
iftfued  out  of  the  point,  or  entered  it. 

Placing  the  flame  between  two  points,  one  of  which  com¬ 
municated  with  the  prime  conductor  electrified  pofitively,  and 
the  other  with  the  floor,  the  flame  was  blown  from  that  which 
communicated  with  the  conductor  upon  the  other,,  but  not  to  fo 
great  a  diftance  as  if  the  other  had  been  away.  Changing  the 
points,  the  effeCt  was  ftill  the  fame,  whether  that  which  commu¬ 
nicated  with  the  conductor  was  the  more  fharp,  or  the  more 
blunt  of  the  two,  the  flame. always  receding  from  it. 

Reversing  this  experiment,  and  making  one  of  the  points 
communicate  with  the  rubber,  and  the  other  with  the  floor,  the 

*  4  •  ^  .  .  .  h. 

flame  was  always  blown  from  the  former  towards  the  latter. 
It  was  evident,  however,  that  the  point  which  communicated 
with  the  floor  had  a  current  of  air  blowing  from  it  likewife;  for 
it  counteracted  the  other,  and  would,  when  brought  near  the 
flame,  raife  it  almoft  perpendicular,  when  it  had  been  blown  quite 
afide  by  the  other. 

Placing  the  flame  between  two  points,  one  of  which  com¬ 
municated  with  the  rubber,  and  the  other  with  the  conductor, 
it  was  equally  affeCted  by  both,  being  always  blown  from  the 
point  which  was  neareft  to  it. 

It  was  very  obfervable,  that,  notwithflanding  the  current 
of  air  from  the  points  affeCted  the  flame  fo  remarkably ;  yet  a 
fmall  portion  of  it,  when  it  was  brought  very  near  the  point, 
would  be  ftrongly  attracted  by  it,  at  the  fame  time  that  the  greateft 
part  of  the  flame  was,  by  the  current  of  air,  blown  the  contrary 

way.  This  effeCt  was  always  the  fame,  whether  the  point 

was 
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was  electrified  pofitively  or  negatively;  though,  I  Fancied  that 
the  negative  point  attracted  the  flame  more  fenfibly  than  the 
other. 

Afterwards  I  diverfified  this  experiment  in  the  following 
manner.  I  charged  the  infide  of  a  fmall  jar  pofitively,  then 
fetting  it  upon  a  glafs  ftand,  in  contact  with  a  pointed  wire,  I 
placed  the  flame  of  a  candle  within  an  inch  of  the  point,  and 
touched  the  wire  of  the  jar,  with  a  brafs  rod  which  I  held  in  my 
hand.  At  every  touch  the  flame  was  blown  ftrongly  from  the 
point.  Sometimes  it  would  be  blown  out ;  but  another  poinjt  be¬ 
ing  held  oppofite  to  it,  would  fupport  the  flame;  and  more 
ftrongly,  if  that  point  was  joined  with  the  rod  with  which  I 
touched  the  wire  of  the  jar.  Charging  the  jar  negatively  in 
the  infide,  all  the  effects  were  the  very  fame.  Difcharging 
the  jar  through  the  points,  with  the  flame  in  a  right  line  be¬ 
tween  them,  it  was  difturbed,  but  not  blown  to  one  fide  more  than 
the  other. 

To  take  off  all  the  effeCt  of  eleCtrical  attraction  and  re- 
pulfion,  and  leave  the  current  of  air  to  aCt  fingly,  I  interpofed 
pieces  of  brafs  wire  communicating  with  the  earth,  between  the 
points  of  the  wire  and  the  flame  ;  and  found  the  blaft  to  be  rather 
increafed  than  diminiftied  thereby. 

H  aving  communicated  thefe  experiments  to  Dr.  Franklin, 
he  advifed  me  to  try  the  force  of  this  current  upon  paper  vanes , 
iuch  as  he  has  defcribed  in  his  letters  :  for,  with  him  they  feem- 
ed  to  turn  one  way  or  the  other  indifferently,  juft  as  they 
happened  to  fet  out.  Accordingly  I  took  a  cork,  and  ftuck  into 
the  fides  of  it  thirteen  vanes,  each  being  half  a  card,  well  dried, 
and  each  proceeding  from  the  center  of  the  cork.  Into  the  cork 
1  ftuck  a  needle,  by  which  I  fufpended  the  whole  on  a  magnet. 

These  vanes  I  held  two  or  three  inches  from  the  point  of 
a  wire,  communicating  with  the  outfide  coating  of  the  jar, 
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placed  upon  an  eledric  ftand,  in  the  manner  defcribed  above; 
and  obferved,  that  whenever  I  took  a  fpark  from  the  wire  com¬ 
municating  with  the  inflde,  the  vanes  were  Arcngly  blown  upon, 
and  made  to  turn,  as  if  the  current  of  air  had  flowed  from  the 
point ;  at  the  fame  time  that,  according  to  Dr.  Franklin’s  theory, 
the  eledric  fluid  was  entering  it.  If  they  were  made  to  turn 
the  contrary  way,  the  current  foon  flopped  them,  and  never  fail¬ 
ed  to  bring  them  back,  and  make  them  move  as  before. 

When  wires  communicating  with  the  floor  were  placed  be¬ 
tween  the  vanes  and  the  point,  to  take  off  all  the  eledrical  at¬ 
traction  and  repulflon,  the  vanes  ftill  moved  as  brifldy  as  ever. 

When  the  jar  was  charged  pretty  high,  the  motion  might  be 
made  fo  fwift,  that  the  feparate  vanes  could  hardly  be  diftinguifli- 
ed,  as  the  whole  fet  turned  round. 

I  moreover  obferved,  that  the  vanes  were  turned  very  brifldy, 
not  only  when  held  near  the  point,  but  alfo  when  held  any 
where  within  the  diftance  of  fix  or  feven  inches  from  the 
hides  of  the  wire,  which  I  made  fometimes  of  a  confiderable 
length.  The  flream  would  turn  the  vanes  one  way  on  one  fide 
of  the  wire,  and  the  contrary  way  on  the  other;  and  being  re¬ 
moved  quickly  to  the  different  fides,  the  diredion  of  their  courfe 
might  be  changed  feveral  times,  in  the  difcharge  of  one  fmall 
jar.  -  ^  ■  -  Hy  , 

I  made  points  to  projed  two  ways  at  the  fame  time,  and  ob- 
ferved,  that  the  ftieam  was  the  fame  from  both,  and  alfo  when  the 
points  were  made  to  projed  at  right  angles  from  one  another.  In 
this  pofition  of  the  wires,  it  was  amufing  to  obferve,  that  the 
vanes  would  move  one  way,  when  held  near  one  of  the  wires; 
and  immediately  turn  about  and  move  the  contrary  way,  if  re¬ 
moved  near  the  other. 

Hitherto  l  had  made  my  vanes  of  very  dry  paper,  in  order 
to  make  tnem  Id's  affeded  by  eledrical  attradion  and  repulflon, 

that 
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that  fo  the  current  of  air  might  be  the  more  indifputable;  but 
Mr.  Canton  defiring  me  to  try  vanes  that  were  conductors,  I 
fir  ft  dipped  my  paper  vanes  in  water,  and  afterwards  made  a  Vet 
of  tinfel,  or  thin  pieces  of  brafs,  of  the  fame  form  with  the  other. 
Thefe  vanes,  being  conductors  of  electricity,  promoted  a  freer  cur- 
rent  of 'the  eleCtric  matter,  and  confequently,  occafioning  a  greater 
motion  to  be  given  to  the  'air,  they  whirled  about  with  more 
rapidity  than  the  former.  When  they  were  infulated,  they  were 
affeCted  juft  as  the  dry  paper  vanes  had  been. 

With  thefe  vanes,  I  diverfified  the  experiment  in  a  manner 
which  fhowed  the  famenefs  of  the  current,  notwithftanding  the 
change  of  electricity,  in  a  clearer  manner  than  before.  I  infulat¬ 
ed  a  jar,  with  a  wire  projecting  from  the  coating,  and  held  the 
tinfel  vanes  near  the  extremity  of  it.  All  the  time  the  jar  was 
charging,  the  vanes  turned  with  great  rapidity,  as  if  by  a  blaft 
from  the  point.  Keeping  the  jar,  the  pointed  wire,  and  the  vanes 
in  the  fame  fituation,  the  gradual  difcharge  of  the  jar,  made 
by  now  and  then  touching  the  wire  which  communicated  with 
the  infide,  made  the  vanes  Dill  turn  the  fame  way,  and,  as  far  as 
could  be  perceived,  with  the  fame  force. 

To  diverfify  this  experiment,  I  placed  a  charged  jar  upon  a 
ftool  which  had  glafs  feet,  a  pointed  wire  projecting  from  the 
coating,  a  quantity  of  brafs  duft  before  the  point,  and  a  brafs  chain 
communicating  with  the  ground  on  the  other  fide  of  the  duft.  In 
this  fituation  evei  y  attempt  to  difcharge  the  jar  threwaconiiderable 
quantity  of  the  duft  from  the  point,  being  raifed  about  feven  or 
eight  inches,  and  blown  to  a  confiderable  diftance.  Removing 
the  pointed  wire  fiorn  the  coating  of  the  jar,  and  connecting  it 
with  the  chain,  the  fame  attempt  to  difcharge  it  blew  the  duft 
upon  the  jar.  Ufing  two  points,  one  at  the  jar,  and  the  other 
at  the  chain,  the  duft  was  difturbed,  and  raifed  up,  but  not 
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blown  one  way  more  than  the  other.  Fine  flour  anfwered  near¬ 
ly  as  well. 

Lastly,  I  made  the  experiment  of  the  current  with  vanes 
in  the  form  of  a  fmoke  jack,  which  anfwered  as  well  as  the 
others.  They  were  moved  when  held  more  than  afoot  above  the 
point,  and  likewife  at  a  confiderable  diftance  below  it,  when  it 
was  turned  downwards. 

After  thefe  experiments,  I  read  in  Mr.  Wilfon’s  treatife 
on  electricity,  that  the  vanes  would  not  turn  in  vacuo.  This  I 
tried,  and  found  it  to  be  true,  and  at  the  fame  time  I  found, 
they  would  not  turn  in  a  clofe  receiver,  not  exhaufted,  where  the 
air  was  confined,  and  had  not  a  free  circulation. 

The  current  of  air  from  the  points  of  bodies  electrified  plus 
or  minus ,  is  not  more  difficult  to  be  account  for  on  Dr.  Frank¬ 
lin’s  hypothefis  of  pofitive  and  negative  electricity,  than  any 
other  cafe  of  electrical  repulfion.  The  particles  of  the  atmo- 
fpliere,  near  the  points  of  electrified  bodies,  having,  by  their 
means,  become  poffeffed  of  more  or'lefs  than  their  natural  ffiare  of 
the  eleCtric  fluid,  muft,  according  to  the  rule  above  mention¬ 
ed,  retire  to  places  where  they  can  difcharge  or  replenifh 
themfelves,  as  occafion  may  require.  If  it  be  afked  why  the 
particles  of  the  atmofphere  do  not,  in  the  fame  manner,  recede 
from  all  the  parts  of  the  electrified  body,  as  wrell  as  from  the 
points  ;  it  is  anfwered,  that,  as  the  preffure  of  the  atmofphere 
will  prevent  a  vacuum,  and  as  eleCtrical  attraction  and  repulfion 
are  molt  powerful  at  the  points  of  bodies,  on  account  of  the 
eafier  entrance  or  exit  of  the  fluid  at  the  points  (upon  what¬ 
ever  principle  that  effeCt  depends)  the  electrified  atmofphere 
(whether  negative  or  pofitive  makes  no  difference)  muft  fly  off 
at  the  points  preferably  to  any  other  places,  and  the  weight  of 
the  atmofphere  will  force  the  air  of  the  neighbouring  places  upon 
the  flatter  parts  of  the  electrified  conductor,  notwithftanding  the 
real  endeavour  it  may  have  to  recede  from  it. 
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Experiments  on  fixed  AIR,  and  CHARCOAL. 


DR.  Franklin,  to  whom  I  had  communicated  fome  im¬ 
perfect  experiments  on  the  electricity  of  noxious  air, 
recollected  them  when  he  was  this  laft  fummer  at  Pyrmont, 
where  a  large  body  of  fixed  air  always  lies  upon  the  furface  of  the 
medicinal  fpring  (for  this  air  is  evidently  fpecifically  heavier 
than  common  air,  and  does  not  eafily  mix  with  it)  but  not  having 
a  proper  apparatus,  and  the  company  there  making  experi¬ 
ments  inconvenient,  he  did  nothing  that  was  decifive  ;  though, 
from  the  little  that  he  had  an  opportunity  of  doing,  he  imagined 
it  was  not  a  conductor :  and  I  have  fince  found  that  this 
fuppofition  was  juft.  A  charged  phial  may  be  dipped  into  a 
body  of  fixed  air,  refting  on  the  furface  of  a  fermenting  vat, 
without  being  difcharged.  If  two  equal  phials,  however,  be 
equally  charged  at  the  fame  time,  and  one  of  them  be  plunged 
into  the  fixed  air,  and  the  other  kept  out  of  it ;  the  latter  will 
always  retain  the  charge  longer  than  the  former,  which  will  fome- 
times  retain  it  but  a  very  fhort  time ;  owing,  as  I  fuppofe,  to  the 
moijlure ,  which  is  readily  abforbed  by  the  fixed  air. 

I  also  found  inflammable  air  to  be  the  fame  as  common,  or 
fixed  air,  with  refpeCt  to  the  power  of  conducting  electricity. 
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These  experiments  on  fixed  air,  imperfed  as  they  were,  led, 
however,  to  a  difeovery,  which  may  poffibly  throw  fome  new 
light  upon  fome  of  the  moft  fundamental  principles  of  elec¬ 
tricity. 

Being  at  that  time  hut  little  acquainted  with  the  nature  of 
air,  imagining,  that  fixed  air  only  was  unfit  for  refpiration,  and 
knowing  that  air  was  moft  injured  by  burning  charcoal ,  I  thought 
of  trying  charcoal  itfelf  in  fubftance.  Accordingly,  on  May 
the  4th,  1 766,  I  tried  charcoal,  in  a  variety  of  ways  and  ftates  ; 
and  found  it  to  be,  what  I  had  fufpeded,  an  excellent  condudor  of 
eledricity. 

Presenting  a  piece  of  charcoal  to  the  prime  condudor, 
together  with  my  finger,  or  a  piece  of  brafs  wire,  I  conftantly 
obferved,  that  the  eledric  fpark  ftruck  the  charcoal  before  either 
of  the  other  condudors,  if  it  happened  to  be  advanced  ever  fo 
little  before  them.  Having  a  very  rough  furface,  the  charcoal 
did  not  take  a  denfe  fpark  from  the  condudor,  till  it  was  made 
a  little  fmooth,  and  brought  within  about  half  an  inch  ;  when, 
to  all  appearance,  it  did  quite  as  well  as  any  piece  of  metal, 
there  being  a  conftant  ft  ream  of  denfe  and  white  eledric  fire 
between  the  condudor  and  it.  I  tried  the  charcoal  in  every  ftate 
of  heat  or  cold,  and  found  no  alteration  of  its  conduding 
power. 

I  placed  a  great  number  of  pieces  of  charcoal,  not  lefs  than 
twelve  or  twenty,  of  various  fizes,  in  a  circuit,  and  difeharged 
a  common  jar  through  them  ;  when,  to  all  appearance,  the  dis¬ 
charge  was  as  perfed,  as  if  fo  many  pieces  of  metal  had  been 
placed  in  the  fame  manner.  Two  of  the  pieces,  about  the  middle 
of  the  circuit,  I  placed  about  an  inch  and  a  half  from  one  an¬ 
other  ;  but,  upon  the  difeharge,  the  fpark  pafled  the  interval 
very  full  and  ftrong.  A  piece  of  charcoal  alfo  made  the  dif¬ 
eharge  at  the  wire  with  one  fpark,  but  the  report  was  not  fo  loud 
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as  when  the  difcharge  was  made  with  a  piece  of  metal.  It  was 

obfervable,  that  a  black  grofs  fmoke  rofe  from  between  each  of  the 

pieces  of  charcoal,  at  the  moment  of  the  difcharge;  but  the  ig- 

mtion  was  momentary,  and  the  fire  could  not  be  perceived  on  the 
charcoal. 

•  make  the  «P«iment  of  the  conducing  power  of  charcoal 

mdifputable  manner,  I  took  a  piece  of  baked  wood, 

w  ich  I  had  often  ufed  for  the  purpofe  of  inflation,  being  an  ex- 
ce  ent  non-condudor,  and  putting  it  into  a  long  glafs  tube,  I 
ruft^  it  into  the  fire,  and  converted  it  into  charcoal.  In  this 
operation,  a  very  great  quantity  of  grofs  fmoke  rofe  from  it,  fo 
that,  feemmg  to  part  with  more  of  its  moifture,  one  would  have 
expected  it  would  have  come  out  a  better  non-conductor;  but 

upon  tria  ,  its  eledric  property  was  quite  gone,  and  it  was  be- 
come  a  very  good  condudor. 

The  experiments  above  mentioned  were  firft  made  with 

Y  Cha:COaI\  °f  Whkh  1  found  very  different 

degrees  of  condudmg  power;  but  the  molt  perfed  condudors  I 

have  found  of  this  kind  are  fome  pieces  of  pit  charcoal.  Thefe 
ieem  to  be,  in  all  refpeds,  as  perfed  condudors  as  metals. 
They  receive  a  ftrong  bright  fpark  from  the  prime  condudor, 
though  feldom  at  above  an  inch  diftance,  on  account  of  the  rough- 
nefs  on  their  turface,  which  cannot  be  taken  off;  and  in  dis¬ 
charging  a  jar  through  them,  or  with  them,  no  perfon  can 
imagine  any  difference  between  them  and  metal,  either  in  the 
odour  of  the  eledric  fpark,  or  the  found  made  by  the  ex- 
pofion.  When  they  are  broken,  they  exhibit  an  appearance 
which  very  much  refembles  that  of  broken  fteel.  There  is  how- 
ever  a  great  variety  in  the  electrical  properties  of  different  pieces 
of  this  kind  of  charcoal ;  and  for  want  of  proper  opportunity  I 
lave  not  yet  fucceeded  in  afcertaining,  with  fnfficient  cer- 

tainty, 
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tainty,  the  circumftances,  in  the  preparation,  &c.  on  which  this 
variety  depends. 

I  would  have  preferred  the  examination  of  wood  charcoal 
on  many  accounts ;  particularly,  as  the  fame  fubftance  is,  in  this 
cafe,  converted  from  a  perfed  elednc  to  a  per  fed  condudor  ; 
and  all  the  degrees  of  conduding  power  may  be  found  in  diffe- 
rent  fpecimens  of  it ;  whereas  pit  coal  is  ltfelf  a  condudor, 
though  an  impeded  one:  but  not  having  any  opportunity, 

1  procured  fpecimens  of  all  the  varieties  I  could  imagine  in  the 
fame  heap  of  pit  charcoal,  with  refped  to  their  nearnefs  or 
diftance  from  the  furface,  Szc.  but  though  I  examined  them 
with  all  the  care  and  attention  that  I  could  apply,  and  in  every 
method  that  I  could  think  of,  the  differences  were  fo  exceedingly 
fmall,  if  any,  that  I  could  not  fix  upon  any  circumflance  that  1 

could  depend  upon  for  the  caufe  of  them. 

Even  common  cinders  from  an  open  fire,  of  the  kind  of  coals 
which  we  generally  burn,  I  find  to  be  very  little  inferior  to  char¬ 
coal  ;  which  is  fuffered  to  flame,  but  covered  very  clofe  as  foon 
as  it  is  well  burnt,  and  before  any  allies  are  formed.  Coals 
and  cinders  from  a  common  fire,  being  a  very  commodious  fub- 
]ed  for  experiments,  I  did  not  fail  to  make  as  many  upon  them 
as  I  could  imagine  would  be  of  any  ufe  ;  except  that  I  had  no 
opportunity  of  trying  a  fufficient  variety  of  coals.  I  took  feveial 
cut  of  the  fire  after  they  had  done  blazing,  fome  of  which  I  co¬ 
vered  with  allies,  fome  I  quenched  in  water,  and  fome  I  left  to 
cool  in  the  open  air.  I  alfo  reduced  fome  of  the  coals  to  cinders 
in  a  glafs  veffel,  without  buffering  them  to  flame ;  and  I  treated 
in  the  very  fame  manner  various  pieces  of  oak,  cut  from  the 
fame  plank;  but  when  I  examined  them,  I  found  their  diffe¬ 
rences,  with  refped  to  their  power  of  conduding  eledricity, 
very  inconfiderable,  if  any.  I  thought  the  cinder  of  a  coal 

which  we  call  kennel,  and  which  is  remarkable  for  flaming 

much 
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much  while  it  burns,  to  be  a  better  conductor  than  a  cinder 
from  a  common  coal:  but  the  difference  might  be  owing  to 
its  more  uniform  texture,  and  fmoother  fur  face.  Charcoal  made 
of  coals  which  yield  a  flrong  fulphureous  fmell  when  they  are 
burnt,  and  of  which  the  charcoal  itfelf  is  not  quite  diverted,  was, 

to  all  appearance,  as  good  a  conductor  as  that  of  the  other  kind, 
which  is  more  efteemed. 

In  this  courfeof  experiments  I  found  myfelf  much  at  a  lois 
for  a  fufficiently  accurate  method  of  afcertaining  the  difference 
of  conducting  fubftances,  and  I  wifli  that  electricians  would  en¬ 
deavour  to  find  fuch  a  meafure.  One  of  the  beft  that  1  am  ac¬ 
quainted,  with,  and  which  I  applied  among  others  on  this  oc¬ 
casion,  is  by  the  refiduum  of  difcharges,  meafured  by  Mr. 
Lane’s  electrometer.  It  is  well  known,  that  the  worfe  the  con- 
du&ois  are  that  form  the  circuit,  the  greater  the  refiduum  will 
be  left  in  a  jar  after  a  difcharge  ;  and  Mr.  Lane’s  electrometer, 
which  meafures  an  explofion,  will  likewife  meafure  the  refi¬ 
duum.  To  apply  this  method  with  accuracy,  I  put  pieces 
of  charcoal,  &c.  of  the  fame  length  into  the  circuit,  I  ufed 
the  very  fame  chain  in  every  experiment,  and  the  fame  dif- 
pofition  of  every  part  of  the  apparatus ;  I  alfo  made  the  explo- 
fions  exaCtly  equal,  and  after  every  difcharge  completed  the  cir¬ 
cuit  by  the  chain  before  I  took  the  refiduum  ;  and  lartly,  I  was 
careful  to  take  up  the  fame  time  in  each  operation,  which  I  re¬ 
peated  very  often.  This  method  of  meafuring  the  conducting 
power  of  fubftances  I  learned  of  Mr.  Lane. 

In  the  profecution  of  thefe  experiments  on  charcoal,  I  burned 
a  piece  which  I  had  found  to  be  a  moft  excellent  conductor, 
firft  between  two  crucibles,  and  then  in  the  open  fire,  and 
tned  it  at  different  times  till  it  was  almoft  burned  away  j 
but,  conti  ary  to  my  expectations,  I  found  its  property  very 
little  diminished.  I  was,  likewife,  furprifed  to  find  that  foot , 
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•whether  of  wood  coal,  or  pit  coal,  hardly  conduced  at  all.  I 
made  five  or  fix  inches  of  the  foot  of  pit  coal  part  of  the  eleGnc 
circuit,  which  completed  the  communication  between  the  infide 
and  outfide  of  a  charged  jar  for  feveral  feconds ;  and  yet  found 
the  charge  not  much  diminilhed.  A  piece  of  wood  foot,  which 
is  a  firm  Ihining  fubftanee,  which  does  not  foil  the  fingers,  and 
which  feems  to  break  in  a  polilh  in  feveral  places,  would  hardly 
conduit  any  part  of  a  charge  in  the  leaft  fenfible  degree.  When 
rubbed  againft  my  hand,  or  my  waiftcoat  in  frofty  weather 
(though  it  was  difficult  to  find  any  part  of  it  that  was  large  and 
fmooth  enough  for  the  purpofe)  I  more  than  once  thought  it 
attraited  the  thread  of  trial.  The  fnuff  of  a  candle  would  not 
conduit  a  ffiock,  though  it  was  placed  in  the  middle  of  the 
circuit,  and  it  was  eafily  fet  on  fire  by  the  explofion  of  a 
fmall  jar. 

But  notwitftanding  my  want  of  fuceefs,  I  make  no  doubt, 
but  that  any  perfon  of  tolerable  fagacity,  who  has  an  opportunity 
of  making  experiments  in  a  laboratory,  where  he  could  reduce 
to  a  coal  all  kinds  fubftances,  in  every  variety  of  method,  might 
very  foon  afcertain  what  it  is  that  makes  charcoal  a  conduaor  of 
elearicity.  In  all  the  methods  in  which  I  could  make  char¬ 
coal,  the  fume  of  the  bodies  was  buffered  toefcape;  but  let  trials 
be  made  of  fubftances,  reduced  to  a  coal  without  any  com¬ 
munication  with  the  open  air,  or  where  the  vapours  emitted  from 
them  {hall  meet  with  different  degrees  of  reftftance  to  their  elcape,, 
afcertained  by  aaual  preflure. 

Charcoal,  befides  its  property  of  conduaing  elearicity* 
is,  on  many  other  accounts,  a  very  remarkable  lubftance ;  be¬ 
ing  indeftruaible  by  any  method,  befides  burning  in  the  open 
air ;  and  yet  it  feems  not  to  have  been  fufficiently  ftudied  by  any 
chymift.  A  proper  examination  of  it  promifes  very  fair,  not  only 

to  afcertain  the  caufe  of  its  conduaing,  and,  perhaps,  of  all 

con- 
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concluding  powers ;  but  to  be  an  opening  to  various  other  impor¬ 
tant  difcoveries  in  chymiftry  and  Natural  Philofophy ;  and  the 
fubjed  feems  to  be  fairly  within  our  reach. 

Pit  coal,  and  probably  all  other  fubftances,  at  the  fame 
time  that  they  lofe  much  of  their  weight,  increafe  confiderably  in 
their  bulk  in  the  operation  of  charring.  Does  it  not  feem  to 
follow  from  hence,  that  its  conduding  power  may  pofhble  be 
owing  to  the  largenefs  of  its  pores,  agreeable  to  the  hypo¬ 
thecs  of  Dr.  Franklin,  that  eledric  fubftances  have  exceeding 
fmall  pores,  which  difpofe  them  to  break  with  a  polifh. 

Or,  fince  the  calces  of  metals,  which  are  eledric  bodies,  be¬ 
come  metals,  and  conductors,  by  being  fufed  in  contad  with 
charcoal ;  are  not  metals  themfelves  condudors  of  electricity,  in 
confequence  of  fomething  they  get  from  the  charcoal  ? 

Tins  courfe  of  experiments,  however,  evidently  overturns 
one  of  the  earlieft,  and,  hitherto,  univerfally  received  maxims 
in  electricity,  viz.  that  water  and  metals  are  condudors,  and 
all  other  bodies  non-condudors :  for  we  have  here  a  fubftance, 
which  is  clearly  neither  water,  nor  a  metal,  and  yet  a  good  con- 
dudor. 

N.  B.  I  have  fince  found  that  it  is  the  degree  of  heat  with 
which  charcoal  is  made,  on  which  the  degree  of  its  condudlhig 
power  depends.  An  account  of  this  and  other  obfervations  on 
charcoal  may  be  feen  in  a  paper  of  mine  on  the  fubjed 
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Experiments  on  the  CONDUCTING  POWER  of  varjocjs- 

SUBSTANCES. 


FINDING  fome  contrariety  of  opinion  among  electricians 
about  the  nature  of  ice,  fome  faying  it  was  a  conductor 
of  electricity,  and  others  a  non-conduCtor,  fo  as  even  to  be 
capable  of  being  charged  like  glafs,  I  took  the  opportunity  of  a 
pretty  fevere  froft,  in  the  month  of  February,  to  allure  myfelf  of 
the  faCt. 

/ 

In  order  to  this,  I  took  a  large  piece  of  ice,  wafhed  it  very 
clean,  and  fcraped  off  all  the  fharp  points  about  it.  After  this, 
when  it  was  again  perfectly  frozen,  I  infulated  it,  at  night,  in 
the  open  air,  whither  I  had  carried  my  machine  on  purpofe,  at  the 
fame  time  that  it  was  freezing  intenfely. 

When,  by  drawing  a  feather  over  its  furface,  I  found  it  be 
perfectly  dry,  I  electrified  it,  and  fetched  large  fparks,  not  lefs 
than  an  inch  in  length,  from  all  parts  of  it.  I  charged  a  jar  at  it,, 
almoft  as  well  as  at  the  prime  conductor;  I  alfo  difcharged  the 
jar  through  it,  and  along  the  furface  of  it,  in  feveral  places  ;  fo 
that  I  had  no  doubt,  but  that  ice  was,  nearly,  as  good  a  conductor 
of  electricity  as  water.  To  try  the  fame  to  more  advantage,  I 
took  a  charged  jar  into  the  open  fields  \  and,  by  means  of  a 

great 
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great  length  of  chain,  difcharged  it  along  a  large  furface  of 
ice  on  a  pond,  whilfl  the  furface  was  very  dry,  and  the  froft 
continued  very  intenfe.  But  the  ice  being  not  fo  good  a  con¬ 
ductor  as  metal,  if  the  chain  communicating  with  the  outfide 
of  the  jar  happened  to  lie  five  or  fix  inches  from  the  knob  of  the 
wire  communicating  with  the  infide,  the  fire  would  ftrike  to 
the  chain,  along  the  furface  of  the  ice,  without  entering  it. 

Snow  is  evidently  not  fo  good  a  conductor  as  ice 5  probably 
becaufe  its  parts  do  not  lie  in  contact  with  one  another,  as 
thofe  of  ice. 


Tin  ding  alfo  that  electricians  were  not  perfectly  agreed  about 
the  conducting  power  of  hot  glafs,  and  that  the  methods  which 
had  been  ufed  to  prove  it  were  liable  to  objedion  ;  fince,  when  the 
electricity  was  communicated  along  the  outfide  of  the  glafs,  it 
might  be  faid  that  the  hot  aw,  and  not  the  hot  glafs  was  the  con¬ 
ductor  ;  it  occurred  to  me,  that  the  following  experiment  would 
determine  this  affair,  in  a  more  fatisfaCtory  manner  than  it  had 
hitherto  been  done. 

I  procured  a  glafs  tube,  about  four  feet  long;  and,  by 
means  of  mercury  in  the  infide,  and  tinfoil  on  the  outfide,  I 
charged  about  nine  inches  of  the  lower  part  of  it.  Then  care¬ 
fully  flipping  off  the  tinfoil,  and  pouring  out  the  mercury,  I 
heated  the  charged  part  of  the  glafs  red-hot ;  and  found,  upon 
replacing  the  coating,  that  it  was  difcharged. 

I  made  the  experiment  a  fecond  time,  with  the  fame  fuccefs; 
fo  that  I  had  no  doubt,  but  that  glafs,  when  red-hot,  was  pervi¬ 
ous  to  the  eleCtric  fluid.  It  could  not  have  gone  round  from  the 
infide  to  the  outfide,  without  going  over  a  furface  of  fix  feet  of 
glafs,  the  greatefl  part  of  which  was  kept  very  cold,  and  all  of 
it  exceedingly  dry.  • 

/  M  / 
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That  the  charge  had  not  been  loft  by  changing  the  quick- 
filver  was  evident :  for  when  I  repeated  that  part  of  the  expe¬ 
riment,  without  heating  the  glafs,  the  charge  was  found  to 
be  very  little  diminifhed. 

Some  time  after,  when  I  was  preparing  fome  baked  wood 
for  the  purpofes  of  infulation,  I  found,  that  if  I  ufed  them  foon 
after  they  were  taken  out  of  the  oven,  they  would  not  anfwer 
my  purpofe  at  all.  The  eledricity  went  off  by  them  to  the 
floor.  But  when  they  had  flood,  in  the  very  fame  fituation,  till 
they  were  cold,  they  miniated  very  well. 

Upon  this,  1  made  a  piece  of  baked  wood,  which  I  had  for¬ 
merly  ufed  for  infulation,  pretty  hot;  and  when  it  was  fo  hot, 
that  I  could  hardly  hold  it  in  my  hand,  it  took  a  (lender  fpark 
from  the  conductor,  about  an  inch  long  ;  but  it  would  not  dil- 
charge  a  jar  at  once.  It  did  it  however  fllently,  pretty  much 
like  moifl  wood. 

The  confideration  of  the  conducing  power  of  charcoal,  and 
the  manner  in  which  it  is  made,  namely,  by  burning  inflam¬ 
mable  fub dances,  in  a  dole  place,  and  generally  without  flaming, 
led  me  to  make  a  few  experiments  on  the  conduding  power  of 
the  effluvia  of  flaming  bodies,  at  the  very  time  of  their 
emiflion  :  for  whatever  thofe  effluvia  be,  they  feemed  in  fome  mea- 

fure  to  contain  the  conduding  principle. 

The  conduding  power  of  the  flame  of  a  candle  was  obferved 
very  early ;  but  it  was  not  compared  with  that  of  other  things? 
and  it  had  by  fome  been  fuppofed  to  be  nothing  more  than  the 
heat  communicated  to  the  neighbouring  air.  The  experiments 
I  am  going  to  recite  feem  to  overturn  this  hypothelis. 

March  the  14th,  a  fmall  charged  phial  held  not  longer  than 
a  fecond  within  two  or  three  inches  of  the  flame  of  a  candle, 

either  above  or  below  it,  where  the  heat  was  altogether  incon- 
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fiderable,  and  the  rarefa&ion  of  the  air  in  a  manner  nothing, 

was  totally  difcharged.  The  event  was  the  fame  when  I  ufed 
the  flame  of  a  wax  candle,  or  the  flame  of  fpirit  of  wine.  When 

it  was  held  much  nearer  to  a  red-hot  poker,  it  was  not  dif¬ 

charged  near  fo  foon ;  and  when  it  was  held  exceedingly  near  to 
a  piece  of  red-hot  glafs,  it  was  not  difcharged  at  all,  except  by 
one  explofion,  feemingly  conduced  by  the  hot  glafs.  Similar 
experiments  'were  made  by  placing  the  candle,  the  poker,  and 
the  hot  glafs  near  the  prime  conductor.  It  was  alfo  found,  that 
the  fmall  phial  above  mentioned  could  not  be  difcharged  in  the 
focus  of  a  concave  mirror. 

But  the  fmall  jar  above  mentioned  was  difcharged  in  thefe  ex¬ 
periments  filently  ;  and  though  they  feemed  to  be  clearly  in 
favour  of  the  conducing  power  of  the  effluvia,  which  pafs  off 
in  flame,  there  was  nothing  very  ftriking  i'n  them  ;  but  after¬ 
wards,  when  I  had  conftruCted  an  electrical  battery,  I  repeated 
the  experiments  in  a  much  more  ftriking  and  convincing  manner. 

December' the  15th,  I  brought  the  flame  of  a  candle  be¬ 
tween  two  brafs  knobs,  one  communicating  with  the  infide, 
and  the  other  with  the  outfide  of  the  battery;  and  obferved,  that 
as  the  flame  advanced  towards  them,  it  began  to  be  put  into  a 
quivering  motion,  exceedingly  quick,  and  was  ftrongly  drawn 
both  ways  towards  each  knob,  leaving  the  wick  bare  at  the 
top;  and  as  foon  as  the  flame  was  quite  between  the  rods,  the 
battery  difcharged  at  once,  at  the  diftance  of  three  inches  and  an 
half.  This  is  a  very  fine  experiment.  The  interpofition  of  the 
flame  between  the  two  brafs  rods  is  like  putting  fire  to  a  train 
of  gunpowder,  which  explodes  immediately. 

When  I  advanced  the  ignited  wick  of  a  candle,  juft  blown 
out,  towards  the  rods,  it  was  ventilated  very  brifkly;  and  when 
it  was  put  between  them,  when  feparated  to  about  the  diftance 
of  an  inch,  the  difcharge  was  made,  and  the  candle  blown  in  again. 

To 
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To  compare  the  conducting  power  of  flame  with  that  of  other 
bodies,  which  had  more  heat  but  lefs  effluvia,  I  put  a  red-hot 
poker  between  the  two  rods,  but  it  did  not  promote  the  difcharge 
of  the  battery  till  they  were  brought  within  about  an  inch  and 
an  half  of  one  another ;  fo  that  the  explofion  was  made  at  about 
twice  the  ufual  diftance,  allowing  for  the  fpace  occupied  by  the 
poker  itfelf;  and  yet  the  air  in  the  neighbourhood  of  the  poker 
was  more  than  ten  times  hotter  than  in  the  neighbourhood  of  the 
candle,  confidering  the  diftance  at  which  they  were  held  from  the 
rods.  Both  Tides  of  the  hot  poker  were  marked  with  an  im  per¬ 
fect  circle,  like  thofe  that  were  impreffed  on  each  of  the  knobs ; 
an  account  of  which  will  be  given  hereafter. 

I  then  interpofed  a  piece  of  red-hot  glafs,  which  has  as  great 
a  heat  as  the  iron,  but  emits  lefs  effluvia;  but  it  did  not  pro¬ 
mote  the  difcharge  till  the  brafs  rods  were  brought  within  an 
inch  of  one  another,  which  was  fo  near,  that  the  glafs  almoft 
touched  them  both. 

As  I  was  diverflfying  the  experiments  concerning  the  paffage 
of  the  eleCtric  explofion  over  the  furfaces  of  various  bodies,  as 
will  be  mentioned  hereafter,  I  accidentally  difcovered  how  ex¬ 
ceedingly  poor  a  conductor  is  oil  of  every  kind  ;  infomuch  that  I 
think  it  ought  rather  to  be  clafled  among  eleCtric  fubftances; 
though  before  that  time,  I  imagined  that  oil  did  not  differ  very 
much  from  water,  with  refpeCt  to  it  conducting  power.  I  had 
been  led  into  the  miftake  by  fome  experiments  of  Mr.  Wilfon, 
who  has  fomewhere  advanced  the  propofttion  above  mentioned  ; 
and  argues  that  the  tourmalin  is  poffeffed  of  a  fixed  kind  of  elec¬ 
tricity,  incapable  of  being  conducted  away,  becaufe  it  retains 
the  feparate  power  of  each  of  its  fides,  though  furrounded 
with  melted  greafe  ;  whereas  I  find,  that  nothing  of  an  oily  na¬ 
ture  will  conduCl  electricity. 
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Layin’g  a  chain,  which  communicated  with  the  outfide  of 
my  battery, -in  a  diih  of  melted  tallow,  I  brought  a  brafs  rod 
communicating  with  the  inlide  towards  it,  in  order  to  make  the 
difcharge,  by  tranfmitting  the  explofion  over  the  furface  with¬ 
out  entering  it  *  when  I  was  furprifed  to  find,  not  only  that  the 
ele&ric  matter  would  not  take  [the  furface,  but  that,  though 
it  attracted  a  column  of  tallow  at  the  didance  of  about  three 
quarters  of  an  inch  (which  was  thicker  in  proportion  as  the  rod 
was  brought  near  the  furface)  and  though  I  continued  amufing 
myfelf  with  this  column  of  tallow  a  coniiderable  time  ;  in  which 
date  it  formed  &  complete  communication  between  both  fides  of 
the  battery,  yet  the  charge  was  very  little  diffipated.  I  repeated 
this  experiment,  with  the  fame  event,  with  oil  of  olives,  the 
thinned  oil  of  turpentine,  and  even  ether.  A  plate  of  common 
oil  of  olives  connected  the  indde  and  outfide  of  the  battery  for 
near  ten  minutes,  without  my  being  able  to  perceive  that  the 
charge  was  more  difiipated  than  it  would  have  been  without 
that  communication.  Ether  is  the  fiighted  duid  in  nature  next 
to  air  ;  yet,  being  properly  an  oil,  it  proved  no  better  a  conduc¬ 
tor  than  the  mod  tenacious.  I  was  mod  furprifed  that  the  ether 
did  not  take  fire  by  this  treatment,  as  nothing  is  more  inflam¬ 
mable  ;  and  if  the  electric  matter  can  pafs  through  it,  nothing 
fires  fo  foon. 

From  thefe  experiments,  and  thofe  above  mentioned,  on  ice, 
I  concluded,  that  duidity,  as  fuch,  contributes  nothing  to  the 
conducting  power  of  fubdances,  feparate  from  the  heat  which 
makes  them  duid.  To  complete  my  experiments  on  oils,  I  filled 
phials  with  all  kinds  ot  oils,  according  to  their  chymical  didinc- 
tions,  including  the  fined  ef'ential  oils ,  the  drongly  empyreumatic , 
and  thofe  that  are  termed  mineral,  as  oil  of  amber  \  and  found 
them  all  incapable  of  giving  a  fhock.  But  I  found  that  this 
method  of  trying  the  conducting  power  of  fubdances,  viz.  by 
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inclofing  them  in  phials,  and  endeavouring  to  give  Ihocks  by 
them  is  very  inaccurate,  fhowing  them  to  be  better  conductors 
than  they  really  are.  Pounded  glafs,  flower  of  brimftone,  and 
other  electric  fubftances  gave  a  confiderable  Ihock ;  but  a  bottle 
containing  nothing  but  air  gave  a  greater  Ihock  than  any  of 
them ;  though  the  wire  inferted  into  it  was  very  blunt,  and 
was  kept  in  the  center  of  the  bottle.  Finding,  by  thefe  ex¬ 
periments,  that  oil  plainly  conducted  much  lefs  than  air,  I 
endeavoured  to  charge  a  plate  of  oil  like  a  plate  of  glafs ;  and 
for  this  purpofe  I  perforated  a  glafs  falver,  and  thereby  gave  a 
coating  of  tinfoil  to  both  fides  of  a  quantity  of  oil  poured  into 
it ;  but  the  brim  of  the  falver  would  not  contain  enough  to  give 
it  a  fufficient  thicknefs  ;  otherwife,  I  make  no  doubt,  but  that  a 
ihock  might  be  given  by  it  better  than  by  air. 

I  shall  juft  mention  upon  this  fubjeCt,  what  I  lately  ob- 
ferved,  and  do  not  know  whether  it  has  been  noticed  by  any 
writer,  that  ice  of  oil ,  contrary  to  ice  of  water,  is  fpecifically 
heavier  than  the  fluid  fubftance,  and  finks  in  it  *. 

Finding  fo  great  an  agreement,  with  refpeCt  to  eledtric  pro¬ 
perties,  in  this  whole  chymical  clafs  of  bodies,  I  began  a  kind  of 
courfe  of  chymical  ele&ricity  ;  but  had  not  leifure,  or  oppor¬ 
tunity  to  purfue  it  as  it  deferved.  The  few  hints  that  I  collect¬ 
ed  may  poffibly  be  of  fervice  to  future  inquirers ;  and  for  this 

*  Other  perfons,  I  find,  have  made  experiments,  which  fhow  how  imperfeCt  a 
conductor  oil  is.  The  following  proofs  of  this  are  exceedingly  curious  and  pleafing. 
Mr.  Cigna  obferved  electrical  attraction  and  repulfion  between  conducting  fubftances 
plunged  in  oil.  Nollet’s  Letters,  Vol.  iii.  p.  168. 

Monsieur  Villette,  optician  at  Liege,  filled  a  difh  of  metal  with  oil,  and  when  he 
had  eleCtrified  the  difh,  he  plunged  a  needle  into  the  oil,  and  received  a  very  ftrong 
fpark  as  foon  as  the  point  of  it  came  within  a  fmall  d i fiance  of  the  difh.  A  fmall  cork  ball 
being  made  to  fwim  in  this  oil,  upon  the  approach  of  the  thicker  end  of  the  ftalk  of  a 
lime,  piunged  to  the  bottom,  and  immediately  rofe  again  to  the  top.  Nollet’s  Letters, 
Vol.  iii.  p.  y.  2. 
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reafoir  I  fliall  note  them  juft  as  they  occurred,  though  they  con¬ 
tain  little  that  is  remarkable. 

All f aline  fubflances  that  I  examined  proved,  in  general,  pretty 
good  condudors.  I  tried  moft  of  them  by  making  the  difcharge 
of  the  battery  through  them  when  militated ;  which  appears  to 
me  to  be  a  very  good  method,  indeed  the  only  one  that  can  well 
be  depended  upon.  In  difcharging  the  battery  with  a  piece  of 
alum,  the  explofion  was  attended  with  a  peculiar  biffing  noife, 
like  that  of  a  fquib.  Rock  fait  conduded  pretty  well,  but  not 
quite  fo  well  as  the  alum.  The  electric  fpark  upon  it  was  pe¬ 
culiarly  red.  Sal  ammoniac  exceeded  them  both  in  its  conduct¬ 
ing  powers,  but  it  would  not  take  the  leaft  fenfible  fpark;  fo 
that  it  feemed  made  up  of  an  infinite  number  of  the  fineft  points. 
Volatile  fal ammoniac  I  only  tried  in  a  phial,  when  it  gave  a  fmall 
fhock.  Salt  petre  did  not  conduct  fo  well  as  fal  ammoniac. 
Endeavouring  to  make  the  eledric  explofion  pafs  over  its  fur- 
face,  it  was  difperied  into  a  great  number  of  fragments  in  all 
diredions  with  confiderable  violence.  Selenitic  fait  condu ded  a 
fhock  but  poorly.  Vitriolated  tartar  gave  a  fmall  fhock.  White 
Sugar  feems  to  be  an  exception  to  this  rule :  for  it  may  be 
fairly  laid  to  be  no  condudor;  as  the  charge  of  the  battery  would 
hardly  pafs  through  it  in  the  leaft  degree. 

The  metallic  Jalts  in  general  conduded  better  than  other 
neutrals  :  blue  and  green  vitriol  conduded  very  well,  though  they 
would  not  tranfmit  a  fhock. 

That  ores  in  which  the  metal  is  really  in  a  metalline  ftate 
fhould  be  very  good  condudors  might  naturally  be  expeded. 
Thus  apiece  of  gold  ore  from  Mexico  was  hardly  to  be  diftin- 
guifhed,  in  this  relped,  from  the  metal  itfelf ;  and  a  piece  of 
filver  ore  from  Potofi,  though  mixed  with  pyrites,  conduded 
ver>  welb  But  even  ores  in  which  the  metal  is  mineralized  with 
fulphur  and  arfenic,  as  the  ores  of  lead  and  tin,  and  cinnabar  the 
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ore  of  quickfilver  were  little,  if  at  all,  inferior  to  them.  The 
cinnabar  that  I  tried  was  factitious  ;  but  there  can  be  no  doubt  of 
its  being  the  fame  as  the  native.  When  I  made  the  explofion  of 
the  battery  pafs  through  it,  it  was  rent  into  many  pieces,  and 
the  fragments  difperfed  in  all  directions.  Ores,  however,  that 
contain  nothing  but  the  earth  of  the  metal  conduCt  eleCtricity 
but  little  better  than  other  hones;  though  I  thought  that  all  the 
fpecimens  of  iron  ore  that  I  tried  conducted  better  than  marble  *. 

J  examined  fome  black  J'and  that  came  from  the  coaft  of 
•  Africa,  which  is  a  good  iron,  and  part  of  which  is  affected 
by  the  magnet  as  much  as  heel  filings  ;  and  found  it  to  conduct 
electricity,  but  not  a  ihock.  Separating  with  a  magnet  all  that 
would  be  eanly  attracted  by  it  (about  one  fixth  of  the  whole)  it 
conducted  a  Ihock  very  well.  The  reft  would  hardly  conduCt 
at  all. 

Though  I  think  I  may  venture  to  fay,  that  the  true  and 
proper  ores  of  the  more  valuable  metals  might  be  known  by 
their  property  of  conducting  electricity,  I  cannot  fay  that  elec¬ 
tricity  will  furnifh  any  rule  to  afcertain  the  value  of  the  dif¬ 
ferent  ores  of  the  fame  metal.  I  tried  two  pieces  of  copper  ore, 
one  the  moff  valuable  that  is  known,  and  another  of  only  about 
half  the  value  ;  but  they  were  hardly  to  be  diftinguiihed  from 
one  another  in  their  conducting  power. 

Black  lead  in  a  pencil  conducted  a  ihock  feemingly  like 
metal  or  charcoal.  A  fmall  lump  of  it  took  as  full  and  ftrong  a 
fpark  from  the  prime  conductor  as  a  brafs  knob. 

All  th q  Jlony  fubjlances  that  I  tried  conducted  very  well, 
though  dry  and  warm.  Even  a  piece  of  polilhed  agate ,  though 
femi-pellucid,  received  the  eleCtric  fpark  into  its  fubffance  ; 

*  I  find  that  Mr.  Boze,  very  early,  thought  it  was  eafy  to  diftinguifh  the  ores  of 
metals  from  other  earthy  mbftances,  by  means  of  their  greater  conducing  power.  Dant- 
2ick  Memoirs,  Vol.  i.  pdzgj. 
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though  it  would  pafs  over  about  three  quarters  of  an  inch 
of  its  furface  to  reach  the  finger  that  held  it,  and  it  difcharg- 
ed  the  battery  but  flowly.  Limejlone ,  and  lime  juft  burnt  were 
equally  iinperfed  condudors,  hardly  to  be  diftinguifhed  from 
one  another.  Lapis  lucmatites^  and  touchfone  both  conducted 
pretty  well  ;  as  did  a  piece  of  gypfm ??•>  and  plaijler  of  Paris , 
only  the  latter,  having  a  fmoother  furface,  took  a  ftronger 
fpark.  A  piece  of  Jlate ,  fuch  as  is  commonly  ufed  to  write  on, 
was  a  much  better  condudor  than  a  piece  of  free  Jione ,  which 
conduded  very  poorly.  Marbles  alfo  conduded  confiderably 
better  than  free  ftone.  I  found  very  little  difference  among  any 
of  the  fpecimens  of  marble  that  I  tried,  in  which  was  a  piece  of 
Egyptian  granite.  A  piece  of  Spanifh  chalk,  which  is  a  talc , 
conduded  pretty  much  like  marble. 

A  large  piece  of  white  with  a  tinge  of  blue,  and  femi- 
tranfparent,  would  hardly  condud  in  the  leaft  degree.  I  took 
pretty  flrong  fparks  from  the  prime  condudor  while  it  was  in 
contad  with  it. 

A  piece  of  pyrites  of  a  black  colour  took  fparks  at  a  con- 
fiderable  diftance  from  the  prime  condudor,  like  fome  of  the 
inferior  pieces  of  charcoal.  Another  piece  of  pyrites,  which  had 
been  part  of  a  regular  fphere,  confifting  of  a  fhining  metallic 
matter,  did  not  condud  near  fo  well,  though  much  better  than 
any  other  ftony  fubflance.  It  was  a  kind  of  medium  between  a 
ftone  and  an  ore. 

A  piece  of  ajbejlos  from  Scotland,  juft  as  it  is  taken  from  its 
bed,  would  not  condud.  It  was  in  contad  with  the  condudor, 
while  I  took  fparks  at  the  diftance  of  half  an  inch  with  a  moderate 
eledrification. 

Of  liquid fubjlances ,  oil  of  r vitriol  conduded  pretty  well,  and  the 
moft  highly  redified  fpirit  of  wine  gave  a  fhock  much  like  water, 
but  perhaps  not  quite^fo  well. 
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This  courfe  of  experiments  on  the  concluding  power  of 
fubftances,  according  to  their  chymical  clafles,  would,  probably, 
be  very  ufeful,  if  purfued  with  care.  Thofe  mentioned  above  were 
generally  fingle  experiments,  which  are  not  fo  much  to  be  de¬ 
pended  upon. 

There  are  fome  other  mixed fub fiances  whofe  conducing  power 
I  have  tried,  and  becaufe  I  think  it  would  not  be  eafy  to  fay,  a 
priori ,  to  which  of  the  two  clafles  they  belong,  I  fhall  juft  men¬ 
tion  the  refult  of  my  experiments  upon  them,  nearly  in  the  or¬ 
der  in  which  they  were  made. 

Dry  glue ,  which  is  an  animal  fubflance,  is  a  conductor  of 
eledricity,  but  doesjnot  condud  a  fliock. 

Founded  glafs  mixed  with  the  white  of  an  egg,  and  which  had 
ftood  till  it  was  perfedly  dry,  was  a  condudor.  I  had  put  it 
upon  fome  broken  jars,  thinking  that  the  compofition  would  be 
an  eledric  fubftance,  and  that  it  would  make  the  jars  hold  a 
charge  again. 

Paint,  made  of  white  lead  and  oil,  very  old,  and  dry,  proved 
a  condudor.  I  tried  it  in  a  china  veflel  which  had  been  firmly 
pieced  with  it.  A  part  of  the  veflel,  through  which  there  was  no 
crack,  would  receive  a  charge  very  well ;  but  a  piece  in  which 
t'here  was  a  crack,  and  which  had  been  filled  with  this  cement, 
•ould  not  be  charged  at  all. 
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SECTION  V 


Experiments  on  the  DIFFUSION  OF  ELECTRICITY  over 

THE  SURFACES  OF  GLASS  TUBES,  CONTAINING  A  NEW  ME¬ 
THOD  OF  GIVING  THE  ELECTRIC  SHOCK. 


IT  had  been  obferved  by  many  eledricians,  that  new  globes 
are  often  difficult  to  excite ;  but  I  have  made  fome  experi¬ 
ments,  which  prove  this  fad,  k  and  other  differences  between 
new  and  old  glafs,  in  a  more  diftind  manner  than  any  thing  elfe 
I  have  yet  met  with  ;  but  they  leave  the  caufe  ftill  unex¬ 
plained. 

The  moft  remarkable  property  of  new  flint  glafs  is  the  eafy  dif- 
fufion  of  eledricity  over  its  furface.  I  have  feveral  times  got 
tubes  made  two  or  three  yards  long,  terminating  in  folid  rods. 
Thefe  I  have  taken  almofl:  warm  from  the  furnace,  in  the  fined 
weather  poffible,  and  having  immediately  infulated  them,  and 
hanging  pith  balls  at  one  extremity,  have  always  found,  that  they 
would  feparate  the  moment  that  the  wire  of  a  charged  phial  was 
applied  to  the  other  end.  This  I  had  reafon  to  think  would  be 
the  cafe  at  almofl;  any  diftance  at  which  the  experiment  could  be 
made.  I  have  even  charged  a  phial  very  fenfibly,  when  it 
was  held  clofe  to  the  glafs,  at  the  diffance  of  a  yard  from  the 
wire  of  a  charged  phial,  held  clofe  to  another  part  of  it,  the 
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coatings  of  both  phials  being  held  in  my  hands.  When  the  fame 
tubes  were  a  few  months  older,  I  found  that  the  ele&ric  virtue 
could  not  be  diffufed  along  their  furfaces  farther  than  about  half 

a  yard. 

Some  tubes,  which  I  have  tried  the  day  they  were  made, 

I  have  found  impoflible  to  be  excited  in  the  leaft  degree,  even 
with  the  ufe  of  oiled  filk  and  amalgam,  for  an  hour  together ; 
when  a  fingle  ftroke  of  the  fame  rubber  has  rendered  other, 
tubes  highly  electrical,  and  two  or  three  have  made  them  to 
emit  fpontaneous  pencils.  The  fame  new  tubes,  upon  be¬ 
ing  much  rubbed,  have  begun  to  be  excited,  and  in  a  few  days 
have  a&ed  pretty  well. 

But  that  the  firft  coat  of  new  glafs  is,  in  fome  meafure,  a 
conductor  of  ele&ricity,  was  mod:  evident  from  fome  experiments 
which  I  made  with  long  and  very  thin  tubes,  which  were  blown 
fome  time  in  the  month  of  March.  Thefe,  to  amufe  myfelf,  I 
coated  in  different  places,  and  the  diffuiion  of  electricity,  from 
the  coated  part  to  that  which  was  not  coated,  appeared  to  me 
very  extraordinary.  I  think  my  reader  will  not  be  dilplealed  if  I 
relate  a  few  of  the  particulars. 

I  procured  a  tube,  open  at  both  ends,  about  a  yard  in 
length,  but  of  very  unequal  width.  About  three  inches  of  the 
middle  part  of  it  I  coated  on  both  fides  ;  and  charging  it,  by 
means  of  a  wire  introduced  at  one  of  the  ends ;  1  perceived, 
not  only  that  the  part  through  which  I  had  introduced  the  wire 
was  ftrongly  eleClrical  on  the  outfide,  but  that  at  the  oppofite 
end,  where  there  was  neither  coating  nor  wire,  the  fire  crackled 
under  my  fingers,  as  I  drew  the  tube  through  them,  and  a 
flame  feemed  to  iffue  continually  out  at  both  the  ends,  while  it 
was  at  reft  and  charged.  N.  B.  One  end  of  this  tube  was  broken, 
and  rough,  the  other  was  fmooth. 
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I  procured  another  tube,  about  an  inch  in  diameter,  and 
very  thin.  It  was  about  three  feet  and  a  half  in  length,  and 
clofed  at  one  end.  About  nine  inches  below  the  mouth,  I  coated 
three  inches  of  it,  both  on  the  infide  and  outfide.  This  part  I 
charged,  and  then  obferved  the  whole  tube,  to  the  very  extremi¬ 
ty  of  it,  to  be  ftrongly  electrical,  crackling  very  loud  when 
I  drew  my  hand  along  it,  and  giving  fparks,  as  from  an  ex¬ 
cited  tube,  at  about  the  diftance  of  an  inch,  all  the  way. 

To  give  the  reader  a  better  idea  of  thefe  experiments,  I 
have  given  a  drawing  [PI.  I.  fig.  7]  of  one  of  the  tubes  with 
which  they  were  made.  It  is  open  at  one  end,  and  the  part  [a~\ 
is  coated. 

After  drawing  the  whole  tube  through  my  hand,  all  the 
electricity  on  the  outfide  was  difcharged ;  but,  upon  putting  my 
finger  within  the  mouth  of  the  tube,  an  effort  to  difcharge 
itfelf  feerfied  to  be  produced,  which  fhowed  itfelf  by  a  light 
ftreaming  vifibly  from  the  coating,  both  towards  the  finger 
and  likewife  as  vigoroufly  towards  the  oppofite  end  of  the  tube. 
After  this  I  found  all  the  outfide  of  the  tube  loaded  with  electri¬ 
city  as  before,  which  might  be  taken  off,  and  revived  again  many 
times,  with  the  fame  original  charge  ;  only  it  wTas  weaker  every 
time. 

Holding  this  tube  by  the  coated  part,  and  prefenting  the  un¬ 
coated  outfide,  near  the  clofe  end  of  the  tube,  to  the  prime  con¬ 
ductor,  the  infide  became  charged  as  well  as  the  outfide ;  and, 
upon  introducing  a  wire,  a  confiderable  explofion  was  made. 

The  difcharge  made  the  outfide  ftrongly  eleCtrical,  and  by 
taking  this  eleCtricity  off,  the  tube  was  charged  again  very 
fenfibly. 

Holding  it  by  the  uncoated  part,  and  prefenting  the  coat¬ 
ed  part  to  the  conductor,  the  infide  became  charged  as  be¬ 
fore. 
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Having  fir-ft  perfectly  difcharged  this  tube,  I  clofed  the  open- 
end  with  cement,  made  of  bees  wax  and  turpentine,  an  inch  or 
more  in  thicknefs;.  but  ftill,  by  applying  the  outfide  of  the  tube 
(either  the  coated  or  the  uncoated  part)  to  the  conductor,  I  foundl 
it1 manifeflly  charged,  but  not  quite  fo  high  as  when  the  end  was; 
left  open,  though  the  difference  was  not  great... 

I  provided  myfelf  with  another  tube,  about  an  inch  and  a> 
quarter  wide,  and  three  feet  long,;  but  it  was  drawn  out_  one 
foot  more  very  fmall ;  and  another  foot  at  the  extremity  was 
folid,  fo  that  it  was  in  all  five  feet  long,  I  coated  about  four> 
inches  of  this  tube,  two  feet  below  the  mouth  of  it.  The  balls 
being  hung  at  the  extremity  of.  this  tube,,  or  rather,  of  thofolid. 
rpd  in  which  it  terminated,  they  feparated  the  moment.  I  be¬ 
gan  to  charge  the  coated  part.  The  difeharge  brought  them 
together,  though  not  immediately,  but  a  fecond  difeharge  would ; 
generally  do  it. 

The  refiduums  of  any  of  thefe  tubes,  of  which  fo  fmall  a 
part  was  coated,  were  very  confiderable.  I  thought  that  all  of. 
them  might  be  equal  to  the  firft  difeharge.  In  the  laft  mention¬ 
ed  tube,  there  was  a  refiduum  after  a  great  number  of  difeharges, 

I  believe  twenty  or  thirty. 

Imagining  that  the  diffufion  on  the  furfaces  of  the.  tubes  . 
above  mentioned  depended  upon  the  jiewnefs  of  the  glafs,  I  pre- 
ferved  them  fix  or  feven  months ;  having  obferved  by  examin¬ 
ing  them  at  proper  intervals  in  the  mean  time,  that  this  property, 
and  others  depending  upon  it,  gradually  leffened  ;  and  before  this 
time  it  was  quite  gone.  There  was  no  diffufion  of  electricity  • 
over  their  furfaces,  and  they  were  as  eafily  excited  as  other  tubes, 
at  the  fame  time  that  they  received  a  very  good  charge. 

At  length,  by  fome  accident  or  other,  all  the  tubes  on  which' 
I  had  made  thefe  experiments  were  broken,  except  one,  which 

was  clofed  at  one  end,  and  which  indeed,  was  the  mod  remark¬ 
able. 
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able  of  them  all.  Upon  this  tube,  in  the  month  of  Novem¬ 
ber,  I  began  to  renew  my  experiments,  comparing  it  with 
others  which  I  got  made  at  that  time,  in  order  to  afcertain  on 
what  circumftances  this  diffufion  of  electricity  depended.  Thefe 
I  fhall  diftinCtly  relate,  noting  the  time  when  each  experiment 
was  made,  and  every  other  circumftance  which  1  can  imagine 
-could  poflibly  have  any  influence  in  the  cafe. 

November  the  13th,  I  once  more  endeavoured  to  repeat  the 
experiments  above  mentioned  with  the  old  thin  tube,  with  as 
much  care  and  precaution  as  poflible,  but  without  the  leaft  fuc- 
cefs.  At  the  fame  time  I  charged  two  other  thin  tubes,  one 
doled,  and  the  other  open,  after  they  had  been  made  about 
fix  weeks,  but  without  being  ufed  in  the  mean  time,'  and 
they  anfwered  exaCUy  as  the  former  tube  had  done,  when  it 
was  new.  The  charge  from  a  fmall  coated  part  difFufed  itfelf  all 
over  the  tube  ;  fo  that  at  the  diftance  of  a  yard  from  the  coating, 
it  gave  fparks  to  the  finger  of  an  inch  in  length,  and  in  all  re¬ 
flects  exhibited  the  appearance  of  a  tube  frefh  excited.  On  this 
occafion  I  firft  obferved,  what  afterwards  drew  my  attention 
in  a  more  particular  manner,  that  when  my  finger  was  brought 
to  the  tube  about  two  inches  above  the  coating  [as  at  b,  PI.  I.  flg. 
7.]  it  difeharged  a  great  quantity  of  that  difFufed  ele&ricity;  and 
my  whole  arm  was  violently  fhocked. 

November  the  19th.  After  heating  the  old  tube,  and  en¬ 
deavouring  to  repeat  the  former  experiments,  both  while  very 
warm,  and  after  it  was  cold  again,  but  to  as  little  purpofe  as 
before  ;  I  took  it  to  the  glafs-houfe,  and  got  it  made  red-hot 
all  over,  fo  that  it  would  eaflly  bend  any  way ;  and  as  foon  as 
it  was  cold,  I  tried  the  old  experiments,  and  found  that  it  had 
completely  recovered  its  former  property.  Charging  a  fmall  coat¬ 
ed  part,  the  electricity  was  difFufed  to  the  end  of  the  tube,  over 
three  feet  of  dry  glafs,  and  it  gave  fparks  at  the  diftance  of  an 
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inch  in  any  part  of  it,  exactly  as  if  it  had  been  excited  with, 
the  belt  rubber.  When  it  was  drawn  through  my  hand,  whereby 
that  diffufion  was  taken  off,  it  prefently  returned  again ;  and: 
the  extremity  of  the  tube  would  get  loaded  while  its  communica¬ 
tion  with  the  coating  had  been  cut  off,  by  my  hand  being  con- 
flantly  held  on  the  middle  of  it, 

I  also  obferved,  that  the  middle  part  of  this  tube,  which - 
had  been  oftenefl  heated,  in  melting  the  whole  over  again,  one 
half  at  a  time,  had  a  much  flronger  diffufion  than  the  other 
parts.  It  was  no  fooner  taken  off,  than  it  appeared  again,  fo  that 
it  gave  a  continual  flream  of  fire. 

The  quantity  of  rejiduum  after  a  difcharge  of  this  tube  was  , 
prodigious,  fo  that  the  outfide  coating  would,  immediately  af¬ 
ter,  give  almofl  a  conflant  flream  of  fire  to  any  conductor  pre- 
fented  to  it,  for  a  confiderable  time. 

Th  is  tube  was  now,  as  it  had  been  at  the  firfl,  abfolutely  in-- 
capable  of  being  excited  with  the  befl  rubber. 

January  the  6th,  1767.  Examining  all  the  tubes  with 
which  I  had  made  the  experiments  of  the  diffufion,  I  found  that 
property  either  quite,  or  very  nearly  gone.  One  of  them  I  re-- 
flored  by  heating  it  red-hot.  Another  I  heated  only  at  the  end 
mofl  remote  from  the  coating  ;  but  there*  was  no  diffufion  upon  it, , 
when  the  coated  part  was  charged  ;  the  part  which  had  not  been 
made  red-hot  intercepting  it. 

November  the  24th.  In  order  to  determine  whether  this 
property  of  diffufion  depended  in  any  meafure  upon  the  fmooth- 
nefs  of  the  furface,  I  made  a  circular  part  of  one  of  the  thin 
tubes,  about  half  a  yard  beyond  the  coated  part,  quite  rough 
with  emery,  about  three  inches  in  length;  but  this  did  not 
prevent  the  diffufion  in  the  leafl ;  both  that  rough  part,  and 
the  fmooth  glafs  beyond  it  were  as  much  loaded  with  the  electri¬ 
city  as  the  reft. 
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I  then  took  the  polifh  off  a  line  the  whole  length  of  the  tube, 
from  the  coating  to  the  extremity  of  it ;  but  ftill  the  effect 
was  the  fame  :  and  I  make  no  doubt  would  have  been  fo  if  I  had 
made  all  the  furface  rough. 

In  order  to  afcertain  whether  this  property  depended  upon  the 
thinnefs  of  the  tubes,  I  got  one  made  of  a  twelfth  of  an  inch 
thick,  and  ufed  it  immediately;  the  diffufion  was  very  fenfible, 
and  it  was  incapable  of  being  excited*  This,  however,  was  not 
always  the  cafe  with  tubes  of  fo  great  a  thicknefs. 

November  the  25th.  Willing  to  carry  this  experiment  a 
little  farther,  I  got  another  tube  four  feet  long,  and  of  the  eighth  . 
of  an  inch  thick.  I  coated  a  fmall  part  of  it  in  the  fame  man-  ~ 
ner  as  I  had  done  the  others,  namely  about  three  inches,  at  the 
di fiance  of  nine  inches  below  the  orifice,  and  obferved  the  dif- 
fufion  to  be  very  remarkable  in  proportion  to  the  charge  it  re¬ 
ceived,  which  was  very  moderate.  It  could  not  be  fenfibly  ex¬ 
cited  in  the  leafl  degree ;  except  that,  in  the  dark,  an  exceeding¬ 
ly  fmall  light  was  vifible  near  the  finger,  when  it  touched  any- 
part  of  it,  immediately  after  excitation  ;  but  not  the  leafl  flapping 
could  be  perceived,  nor  any  thing  felt  with  the  finger; 

To  find  whether  this  property  depended  upon  the-  kind ,  as 
well  as  the  newnefs  of  the  glafs,  I  afterwards,  coated  a  part  of 
a  very  thin  glafs  of  the  common  bottle  metal,  but  I  found  no 
diffufion  upon  it  at  all.  It  was  what  is  commonly  called  a  finging 
glafs.  I  would  have  purfued  this  experiment  by  trying  the 
fame  glafs  in  other  forms,  and  by  trying  other  kinds  of  glafs,  .. 
but  I  had  no  opportunity. 

I  observed,  in  all  the  tubes  which  had  the  diffufion,  that 
in  drawing  my  hand  from  the  extremity  of  them  towards  the 
coating,  after  they  were  charged,  fo  as  to  take  off  the  diffufion, 
there  was  a  confiderable  noife  at  the  orifice,  as  if  the  tube  had 

been  < 
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been  gradually  difcharging  itfeif,  and  this  operation  did  appa¬ 
rently  leflen  the  charge. 

In  the  dark  the  elearic  fire  Teemed  to  pour  perpetually  from 
the  open  end,  or  both  the  ends,  if  they  were  both  open  ;  and 
whenever  I  drew  my  hand  over  it,  the  fire  ftreamed  from  the 
coating  towards  my  hand  in  a  very  beautiful  manner. 

It  was  very  remarkable,  that,  the  fir  ft  time  I  charged  any  of 
.thefe  tubes  after  they  had  flood  a  while,  the  diffufion  was  the 
moft  confiderable,  and  that  it  leffened  every  fuccefiive  charge ; 
’till,  at  laft,  it  was  exceedingly  fmall ;  but  after  the  tribe 
had  flood  a  few  hours  uncharged,  it  was  as  vigorous  as 
ever. 

December  the  i  ft.  I,  for  the  fir  ft  time,  took  particular  no¬ 
tice  in  charging  a  thin  tube,  and  afterwards  holding  the  coating 
in  one  hand,  and  drawing  my  other  hand,  fo  as  to  grafp  the 
tube  ;  beginning  at  that  end  which  was  moft  remote  from  the 
coating;  that  fometimes,  when  my  hand  came  near  the  coating  [as 
at  b.  PI.  I.  fig.  7.]  I  received  a  very  confiderable  fhock  through 
both  my  arms  and  in  my  breaft,  exactly  like  what  is  felt  from  the 
Leyden  phial. 

The  fame  day,  I  felt  a  fimilar  fhock  from  another  thin  tube  ; 
and  what  was  more  remarkable,  I  did  not  receive  it  till  the 
third  time  of  drawing  my  hand  over  the  tube,  having  miffed  the 
ftroke  the  two  firft  times ;  though  I  moved  my  hand,  as 
near  as  I  could  judge,  in  the  fame  manner.  This  fhock  was  not 
very  great,  but  fenfible  in  both  arms. 

December  the  3d.  I  received  another  fhock,  the  third  time 
of  drawing  my  hand  over  the  tube,  and  much  more  violent  than 
the  laft;  it  affe&ing  both  my  arms  and  breaft.  At  this  time  I 
obferved  very  exatftly,  that  my  hand  was  near  two  inches  and 
an  half  from  the  coating,  and  that  a  ftrong  light  was  vifible  un¬ 
der  my  hand,  and  extended  to  the  coating.  The  diffufion  at  this 
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time  had  not  been  very  great,  and  the  tube  Teemed  to  be  about 
half  difcharged  after  the  fhock- 

At  that  time  I  could  not  think  of  any  plaufible  theory  to 
account  for  this  fhock but  prefently  after  I  accidentally  received 
another  fhock,  in  Tome  refpeCts  fimilar  to  this,  the  theory  of' 
which  I  have  been  fo  'happy  as  to  inveftigate,  and  which  may 
throw  Tome  light  upon  this. 

December  the  2  iff.  I  made  a  Torricellian  vacuum  in  a  tube 
about  a  yard  in  length  [PL  I.  fig.  8.]  and  holding  one  end  of  it 
in  my  hand,  I  prefented  a  part  near  the  other  end  to  the  prime 
conductor  ;  and  obferved,  that,  while  the  eleCtric  fire  was  pour¬ 
ing  along  the  whole  length  of  it,  I  felt  Tome  peculiarly  fmart 
twitches  every  now  and  then  in  my  hand,  juft  fuch  as  are 
fblt  when  a  thin  uncoated  phial  is  held  in  the  hand,  while  it  is 
charged  at  the  prime  conductor,  but  more  pungent.  On  re*- 
moving  the  tube  from  the  prime  conductor,  it  threw  out  fpon- 
taneous  fparks  from  the  place  where  it  had  touched  the  con¬ 
ductor,  exactly  like  thefe  which  iffue  from  the  wire  of  an  over¬ 
charged  phial ;  but  they  were  longer*  and  much  more  beauti¬ 
ful.  Then,  bringing  my  other  hand  near  the  place  where  the 
tube  had  touched  the  conductor,  I  received  a  very  confiderabie 
fhock  in  both  my  arms  and  breaft,  exaCtly  like  that  which  I  had 
received  before  from  the  thin  tubes  ;  and,  as  with  them,  the 
fhock  was  rather  ftronger  in  the  hand  which  was  brought  to  the 
tube  than  in  that  which  held  it.  If,  without  bringing  my  other 
hand  to  the  tube,  I  only  prefented  it  to  the  table,  or  any  other 
conductor,  it  would  throw  out  from  the  fame  place  feveral  ftrong 
fparks,  attended  with  a  hath  of  light,  which  filled  the  whole 
length  of  the  tube.  Thefe  fparks  refembled  thofe  which  iffue 
from  the  wire  of  a  charged  phial,  when  it  is  prefented  to 
the  like  imperfeCt  conductors,,  and  at  the  fame  time  held  in 
the  .hand,.. 

I  :  AFTER-- 


A  NEW  METHOD  OF  GIVING  Part  VIII. 


576 

I  after WARDS  obfervcd,  that  .the  flrotigefl  fhock 'which  this 
tube  could  give  was  felt  when  one  hand  continued  in  the  place 
where  it  held  the  tube,  in  order  to  charge  it,  and  the  other 
was  made  to  touch  the  tube,  an  inch  or  two  above  it  [as  at  c . 
Pi.  1.  fig.  8.]  and  at  the  inffant  of  the  broke  a  very  denfe  fpark  of 
eledtric  fire  was  feen  darting  the  whole  length  of  the  tube. 
When  three  perfons  befides  myfelf  joined  hands,  it  fhook  all 
our  arms  greatly. 

The  tube  could  not  be  difcharged  by  putting  one  hand  fo  near 
the  other,  unlefs  that  part  of *the  tube  had  been  brought  to  the  . 
conductor  in  charging  it  ;  and  if  any  particular  part  of  the  tube 
only,  had  been  brought  to  the  conductor,  the  bifcharge  could 
not  be  made  without  touching  that  part. 

When  the  tube  had  given  a  fhock  from  any  one  place,  it  would 
give  one  or  two  more  fmaller  fhocks  from  other  places. 

The  experiments  1  made  with  this  tube  being  certain  and 
invariable,  and  the  fhock  I  received  from  the  other  tubes  pre¬ 
carious,  1  gave  more  particular  attention  to  this,  in  order  to  afcer- 
tain  the  nature  of  this  fhock  ;  thinking  that,  if  I  could  ac- 
complifh  this,  it  would  aflift  me  in  the  invefligation  of  the 
other.  Accordingly,  I  -coated  about  fix  inches,  near  each  end 
of  the  tube,  \_a  and  b  PI.  I.  fig.  8.]  leaving  the  fpace  of  about 
-half  a  yard  of  uncoated  glafs  between  the  coatings  ;  and  obferved, 
that  when  I  held  one  of  thefe  coatings  in  my  hand,  and  prefent- 
ed  the  other  to  the  prime  conductor,  it  always  received  a  con- 
fiderable  charge,  and  was  difcharged  in  one  bright  fpark  at  the 
diflance  of  above  an  inch,  and  fometimes  two  inches,  if,  befides 
<the  coated  part,  I  had  likewife  prefented  the  uncoated  part  to  the 
prime  conductor  •  and  fometimes  the  uncoated  part  would  dif- 
charge  itfelf  by  a  bright  flafh  to  the  lower  coating,  leaving  the 
coated  part  charged  as  before.  If  I  held  the  tube  by  the  middle, 
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where  there  was  no  coating,  and  prefented  one  of  the  coatings 
to  the  conductor,  it  received  a  pretty  good  charge. 

I  then  flood  upon  an  infulated  flool,  and  prefenting  one  of 
the  coatings  to  be  charged,  while  I  held  the  other  j  J  obferved,. 
that  it  received  not  more  than  one  fourth  part  of  the  charge  it  had 
before  ;  upon  which  I  immediately  concluded,  that  the  lower 
coating  mufl  have  been  charged  negatively,  whilfl  the  upper 
was  charged  pofitively.  This  was  quite  confirmed  by  obferving, 
that  fparks  could  be  drawn  from  my  body,  while  I  flood  upon 
the  flool  prefenting  the  tube  to  be  charged,  but  no  longer  than 
till  the  tube  had  received  its  full  charge  ;  and  that  then  the  ex- 
plofion  was  as  great  as  it  had  been  when  I  flood  upon  the 
floor. 

When  I  infulated  the  tube,  by  placing  it  in  a  glafs  veflel, 
it  was  flill  lefs  capable  of  taking  a  charge  than  when  I  flood 
upon  a  flool  and  held  it,  this  method  making  a  more  perfect  in- 
fulation.  If  any  conductor  was  prefented  to  the  lower  coating 
while  the  other  was  held  to  the  prime  conductor,  fparks  iffued 
from  it  very  plentifully  till  it  had  got  a  confiderable  charge ;  when 
thofe  fparks  intirely  ceafed,  and  the  tube,  upon  trial,  gave  a  very 
great  explofion. 

These  experiments  make  the  theory  of  this  new  method 
of  giving  the  eledlric  fhock  pretty  obvious.  The  eleftric  matter 
thrown  upon  the  upper  coating  repels  an  equal,  quantity  from  the 
infide  of  the  tube  oppofite  to  it ;  which,  palling  freely  through 
the  vacuum  (as  is  vifible  in  the  dark),  is  accumulated  on  the  in¬ 
fide  of  the  other  extremity  of  the  tube,  and  thereby  repels  a 
quantity  from  the  lower  coating:  fo  that  the  two  coatings  be¬ 
ing  in  oppcfite  flates,  though  on  the.  fame  fide  of  the  tube,  the 
fame  kind  of  fhock  is  given  by  them,  as  if  they  had  been  on 
oppofite  fides. 
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Being  fully  fatisfied  with  the  experiments  made  by  thefe  two 
coatings,  and  the  theory  of  them,  I  amufed  myfelf  with  coating 
the  middle  part  of  the  tube  in  various  ways. 

When  the  three  coatings  were  about  the  fame  fize,  and  placed 
at  equal  intervals ;  which  ever  of  them  was  held  in  the  hand,  the 
other  two  were  charged  and  difeharged  feparately.  If  the  coat¬ 
ing  of  one  of  the  ends  was  held  in  the  hand,  and  the  other 
two  were  charged,  the  greatefl  explofion  was  from  that  which 
was  dilcharged  firft.  If  thofe  two  coatings  were  placed  near  one 
another,  they  were  both  difeharged  by  the  attempt  to  difeharge 
either  of  them,  and  a  flafh  of  light  was  feen  betwixt  them  both. 
In  this  cafe  the  explofion  was  fometimes  made  at  the  diftance  of 
two  inches  and  a  half. 

When  the  middle  coating  was  made  very  large,  and  placed 
contiguous  to  the  upper,  the  explofion  was  lefs ;  a  fpontaneous 
difeharge  being  foon  made  to  the  lower  coating. 

When  the  middle  coating  was  taken  away,  it  often  happened 
that,  in  drawing  the  whole  tube  over  the  prime  condu&or,  be¬ 
ginning  at  the  upper  coating ;  when  it  came  to  the  lower,  by  which 
I  held  it,  a  fpark  would  dart  to  it  from  all  the  uncoated  part  of 
the  tube,  which  difeharged  the  ele&ricity  of  that  part,  while  the 
upper  coating  hill  retained  its  proper  charge. 

When  this  fpontaneous  difeharge  was  not  made,  the  explofion 
might  be  made  at  twice,  once  at  the  naked  glafs,  near  the  lower 
coating,  and  again  at  the  upper  coating.  If  the  difeharge  was 
firll  made  at  the  upper  coating,*  there  remained  very  little  for  the 
lower  part  of  the  tube.  And  if  the  explofion  was  made  about 
the  middle  of  the  tube,  the  whole  was  difeharged  at  once,  and 
in  a  very  beautiful  manner. 

I  must  leave  my  reader  to  compare  the  theory  of  this  fhock 
with  that  given  by  the  long  and  open  tubes,  as  I  am  not  able 
\o  do  it  to  my  mtire  fatisfa£tion  without  more  experiments  ; 
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which,  as  I  obferved,  are  precarious,  and  which  I  had  not  leifure 
to  attend  to. 

As  this  courle  of  experiments  was  begun  by  an  accidental 
obfervation  of  the  different  eledric  properties  of  new  and  old 
glafs,  I  fhall  (after  this  long  excurfion,  which  I  little  forefawj 
conclude  with  an  experiment  or  two  relating  more  immediately 
to  the  original  fubjed  of  them. 

Imagining  that  the  difference  between  new  and  old  glafs 
might  be  owing  to  the  larger  fuperficial  pores  of  the  former, 
which  made  it  approach  to  the  nature  of  a  conductor,  and  which 
,  contraded  with  time  ;  I  thought  it  might  poffibly  be  determined 
by  the  experiment  of  the  metallic  tinge,  the  wider  pores  receiv- 
ing  it  better  than  the  fmaller  ;  and  I  was  not  difappointed  in 
my  expedations.  November  the  19th,  I  feveral  times  laid  two 
glafs  tubes,  one  a  very  old  one,  and  the  other  quite  new,  clofe 
together,  with  a  piece  of  leaf  gold  or  copper  between  them ; 
and  though  I  varied  the  difpofition  of  them  in  every  way  that  I 
could  think  of,  and  changed  the  tubes  for  others;  I  always  found 
the  new  glafs  to  receive  a  much  fairer,  more  beautiful,  and  indeli¬ 
ble  impreffion  than  the  old  glafs.  Twice  the  quantity  of  the. 
metal  was  in  all  the  cafes  ftruck  into  it.. 
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SECTION  VI, 


Experiments  to  verify  several  particulars  of  SIG- 
NIOR  BECCARIA’s  THEORY  of  ELECTRICITY ;  par- 

TICULARLLY  CONCERNING  THE  ELECTRIC  MATTER  CAR¬ 
RYING  INTO  ITS  PATH  LIGHT  SUBTANCES  TO  ASSIST  ITS 
PASSAGE. 


BEING  greatly  ftruck  with  Signior  Beccaria’s  theory  con¬ 
cerning  the  paflage  of  the  eledric  matter  from  the  earth  to 
the  clouds,  previous  to  a  thunder  florm,  and  thinking  his  expe¬ 
riments  to  prove  the  power  of  eledricity  to  condud  into  its  path 
light  fubftances  that  could  aflift  its  .paflage  not  quite  fatisfadory, 
I  endeavoured  to  afcertain  the  fad  in  a  better  manner,  and  fhall 
lay  before  my  readers  the  refult  of  my  experiments. 

November  the  9th.  I  difcharged  frequent  Ihocks,  both  of  a 
common  jar,  and  another  of  three  fquare  feet,  through  trains  of 
brafs  dull,  laid  on  a  f  ool  of  baked  wood,  making  interruptions 
in  various  parts  of  the  train  ;  and  always  found  the  brafs  dull 
fcattered  in  the  intervals,  fo  as  to  conned  the  two  disjoined  ends 
of  the  train  ;  but  then  it  was  likewife  fcattered  nearly  as  much 
from  almofl  all  other  parts  of  the  train,  and  in  all  diredions. 
The  Mattering  from  the  train  itfelf  was  probably  occasioned  by 
faiall  eledric  fparks  between  the  particles  of  the  duft;  which, 
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caufing  a  vacuum  in  the  air,  drove  all  that  light  matter  to  a  con- 
fiderable  diftancc,  But  the  particles  of  the  dull  which  were  ftrow- 
ed  in  the  intervals  of  the  train,  fome  of  which  were,  at  lead,  three 
inches,  could  hardly  be  conveyed  in  that  manner. 

When  fmall  trains  were  laid,  the  difperfion  was  the  mod  con- 
fiderable,  and  a  light  was  very  vifible  in  the  dark,  illuminating- 
the  whole  circuit.  It  made  no  difference,  in  any  of  thefe  experi¬ 
ments,  which  way  the  fhock  was  difcharged. 

When  I  laid  a  confiderable  quantity  of  the  dud  at  the  ends 
of  two  pieces  of  chain,  through  which  the  fhock  pafled,  at  the 
didance  of  about  three  inches  from  one  another,  the  dud  was  al¬ 
ways  difperfed  over  the  whole  interval,  but  chiedy  laterally  ; 
fo  that  the  greated  quantity  of  it  lay  in  arches,  extending  both 
ways,  and  leaving  very  little  of  it  in  the  middle  of  the  path.  It 
is  probable,  that  the  eledtric  power  would  have  fpread  it  equably, 
but  that  the  vacuum  made  in  the  air,  by  the  paffage  of  the 
fluid  from  one  heap  of  dud  to  the  other,  difperfed  it  from  the  mid¬ 
dle  part. 

I  then  infulated  ajar  of  three  fquare  feet,  and  upon  an  adjoin¬ 
ing  glafs  dand  laid  a  heap  of  brafs  dud  and  at  the  didance  of 
feven  or  eight  inches  a  brafs  rod  communicating  with  the  out- 
fide  of -the  jar.  Upon  bringing  another  rod,  communicating  with 
the  infule,  upon  the  heap  of  dud,  it  was  difperfed  in  a  beautiful 
manner,  but  not  one  way  more  than  another.  However,  it  pre¬ 
fen  tly  reached  the  rod  communicating  with  the  outfide. 

Making  two  heaps,  about  eight  inches  afunder,  I  brought 
one  rod  communicating  with  the  infide  upon  one  of  them,  and 
another  rod  communicating  with  the  outfide  upon  the  other.  Both 
the  heaps  were  difperfed  in  all  directions,  and  foon  met.;  pre- 
fently  after  which  the  jar  was  difcharged,  by  means  of  this  dil- 
perfed  dud,  in  one  full  explodon.  When  the  two  heaps  were 
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too  far  afunder  to  promote  a  full  difcharge  at  once,  a  gradual 
difcharge  was  made  through  the  fcattered  particles  of  the  duft. 

When  one  heap  of  duft  was  laid  in  the  center  of  the  ftand, 
and  the  two  rods  were  made  to  approach  on  each  fide  of  it, 
they  each  attracted  the  duft  from  the  fide  of  the  heap  next  to 
them,  and  repelled  it  again  in  all  dire&ipns.  When  they  came 
very  near  the  heap,  the  difcharge  was  made  through  it,  without 
giving  it  any  particular  motion. 

All  thefe  experiments  fhow  that  light  bodies,  pofleffed  of  a 
confiderable  fhare  of  electricity,  difperfe  in  all  directions,  carry¬ 
ing  the  eleCtric  matter  to  places  not  abounding  with  it ;  and  that 
they  lbmetimes  promote  a  hidden  difcharge  of  great  quantities 
of  that  matter  from  places  where  it  was  lodged,  to  places  where 
there  was  a  defeCt  of  it.  But  an  accident  led  me  to  a  much  more 
beautiful,  and  perhaps  a  more  fatisfaCtory  manner  of  demon- 
ftrating  the  laft  part  of  this  propofition,  than  any  that  I 
hit  upon  while  I  was  purfuing  my  experiments  with  that 
defign. 

December  the  iith.  Hanging  a  drop  of  water  upon  the 
knob  of  a  brafs  rod  communicating  with  the  infide  of  my  battery, 
in  order  to  obferve  what  variety  it  might  occafion  in  the  circular 
Ipots,  which  will  be  mentioned  hereafter  ;  I  was  greatly  fur- 
prifed  to  hnd  the  explofion  made  all  at  once,  at  the  diftance  of 
two  inches. 

J,  afterwards,  put  fome  brafs  duft:  upon  a  plate  of  metal 
communicating  with  the  infide  of  the  battery,  and  making  the 
difcharge  through  the  duft,  it  exploded  at  the  diftance  of  an 
inch  and  a  half..  The  duft:  rofe  towards  the  difcharging  rod,  and 
from  thence  was  difperfed  in  all  directions. 

These  experiments  are  the  more  remarkable,  as  they  demon— 
ftrate  fo  great  a  difference  between  the  diftance  at  which  the  bat¬ 
tery  may  be.  made  to  difcharge  at  once,  by  the  help  of  thefe  light 
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bodies,  and  without  them.  When  the  difeharge  of  a  battery 
by  the  knobs  of  brafs  rods,  in  the  open  air,  is  at  the  didance 
of  about  half  an  inch  ;  it  will,  by  this  means,  be  made  at  about 
two  inches. 

Unless  a  perfon  try  the  following  experiment,  he  will  hardly 
conceive  the  extreme  probability  of  the  clouds  and  the  rain  be¬ 
ing  poflefled  of  an  eledric  virtue,  in  order  to  their  uniform  dif- 
perfion,  according  to  Signior  Beccaria’s  theory.  Put  a  quantity 
of  brafs  dud  into  a  coated  jar,  and  when  it  is  charged,  invert  it, 
and  throw  fome  of  the  dud  out.  It  is  very  pleading  to  fee  with 
what  exad  uniformity  it  will  be  fpread  over  any  flat  furface, 
and  fall  juft  like  rain  of  inow.  In  no  other  method  can  it  be 
fpread  fo  equably. 

It  is  taken  for  granted  by  Signior  Beccaria  and  others,  that 
perfons  are  fometimes  killed  by  lightning  without  being  really 
touched  by  it,  a  vacuum  of  air  only  being  fuddenly  made  near 
them,  and  the  air  rufliing  out  of  their  lungs-  to  fupply  it; 
and  with  fo  much  violence,  that  they  could  never  recover  their 
breath.  As  a  proof  of  this,  he  fays,  that  the  lungs  of  fuch  per¬ 
fons  are  found  flaccid  ;  whereas,  when  they  are  properly  killed 
by  the  eledric  fhock,  the  lungs  are  found  inflated.  This  account 
always  appeared  to  me  highly  improbable.  It  determined  me, 
however,  to  make  a  few  experiments,  in  order,  if  poflible,  to 
afeertain  the  fad  with  fome  degree  of  exadnefs.  The  refult  was 
as  follows. 

•  *  —  ’  * 

December  the  18th.  I  placed  that  part  of  an  egg  fhell  in 
which  is  a  bladder  of  air  within  an  inch  of  the  place  where  I 
made  the  explofion  of  the  battery,  on  the  furface  of  fome  quick- 
diver;  when  the  bladder  was  indantly  burd,  and  the  greated 
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part  of  it  torn  quite  away.  The  {hell  was  quite  dry ;  fo  that  the 
bladder  could  not  ftretch  in  the  leaf!;. 

It  is  evident  from  this  experiment,  that  there  is  a  fenfible 
expan fion  of  the  neighbouring  air,  to  fill  a  vacuum  made  by 
the  eledtric  explofion;  but  that  .this  is  fo  confiderable  as  to  occafion 
the  fuffbcation  and  death  of  any  animal,  is,  1  think,  very  impro¬ 
bable  from  the  following  fadts. 

I  put  a  cork  as  {lightly  as  poffible  in  the  mouth  of  a  finall . 
phial ;  but,  though  1  held  it  exceedingly  near  the  place  of  the  ex-  - 
plofion,  it  was  not  drawn  out. 

I  made  the  explofion  pafs  over  the  furface  of  a  moift  bladder,., 
flretched  on  the  mouth  of  a  galley-pot;  but  it  produced  no 
fenfible  effedt  upon  it.  I  alfo  held  at  one  time  the  bill  of  a 
robin  red-breaft,  and  at  another  time  the  nofe  of  a  moufe  near 
the  eledtric  explofion,  but  they  did  not  feem  to  be  at  all.  affedt- 
ed  by  it.  In  order  to  examine  the  flate  of  the  lungs,  I  killed  fmall 
animals  by  fhocks  difcharged  both  through  the  brain,  and 
through,  the  lungs ;  but  when  they  were  diffedted  there  appeared 
no  diff  erence.  The  lungs  were  in  the  very  fame  hate  as  when 
they  were  killed  in  another  manner. 

To  thefe  mifcellaneous  experiments,  intended  to  verify  feveral 
particulars  of  Signior  Beccaria’s'  theory  of  eledlricity,  I  fhall 
add  a  fmall  fet,  which,  though  they  were  begun  before  I 
had  feen  that  author,  are  in  fome  refpedts  fimilar  to  his  cu¬ 
rious  experiment  of  difcharging  a  plate  of  glafs  hanging  by  a 
lilken  firing  without  giving  motion  to  it ;  his  being  defigned 
to  afcertain  the  effedt  of  the  difcharge  upon  the  glafs,  and  mine 
refpedting  the  condudting  fubftances  that  formed  the  circuit. 

October  the  yth.  To  determine,  if  poffible,  the  diredtion 
of  the  eledtric  fluid  in  an  eledtric  explofion,  I  hung  feveral  brafs' 
balls  by  filken  firings,  and  difcharged  fhocks  through  them, 
when  they  were  as  much  at  reft  as  I  could  make  them ;  but  I 
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could  not  perceive  that  any  motion  was  given  to  them  by  the 
ftroke.  Afterwards,  I  difeharged  a  jar  a  great  number  of 
times  through  final  l  globules  of  quickfilver,  laid  on  a  fmooth 
piece  of  glafs ;  but  could  not  perceive  that  they  were  driven 
one  way  more  than  another,  though  they  were  often  thrown 
into  dilorder  ;  probably  by  the  repulfion  of  the  air,  occafroned  by 
the  vacuum  of  the  explofion. 

1  then  placed  four  cork  or  pith  balls,  at  equal  diftances, 
upon  a  ftool  of  baked  wood,  with  a  piece  of  chain  at  the  fame 
diftance  from  the  outermoft  balls  ;  and  obferved,  that,  upon  every 
attempt  to  make  a  difeharge,  the  two  middle  balls  were  driven 
clofe  together,  while  the  two  outermoft  were  each  of  them  at¬ 
tracted  to  the  piece  of  chain  that  was  next  to  it.  Then,  laying 
a  great  number  of  bits  of  threads  in  the  fame  manner  upon  the 
ftool,  feveral  of  the  pieces  that  lay  near  the  chain  ftuck  to  them, 
and  a  great  number  of  thofe  that  lay  in  the  middle  were  driven 
together  in  a  heap. 

The  attraction  to  the  chains  I  attribute  to  the  eleCtricity  given 
to  them  by  their  connection  with  the  jar,  which  would  be  greatly 
encreafed  by  the  attempt  to  make  an  explofion ;  and  the  crowd* 
ing  together  of  the  pieces  in  the  middle  of  the  circuit,  I  at* 
tribute  to  the  current  of  air  blowing  them  together  from 
both  the  extremities  of  the  chain.  Thus  part  of  the  flame  of  a 
candle  next  to  an  electrified  point  will  be  attracted  by  the  power 
of  electricity,  while  the  reft  of  the  flame  will  be  repelled  from  it 
by  the  current  of  air. 

These  experiments  led  me  to  make  a  difeharge  through  an 
infulated  bell,  in  order  to  obferve  in  what  manner  it  would  be 
affe&ed  by  the  eleCtric  fhock  only,  when  it  was  not  touched 
by  any  thing  elfe.  Accordingly,  1  made  the  difeharge  of  the 
battery  through  it  feveral  times  ;  and  by  each  explofion  it  was 
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made  to  ring,  as  loud  as  it  could  be  made  to  do  with  a  pretty 
fmart  ftroke  of  one’s  finger  nail. 

I  also  made  a  difcharge  of  the  battery  through  the  external 
coating  of  a  glafs  jar,  but  without  touching  it  with  the  dif*. 
charging  rods;  and  it  plainly  produced  the  fame  tone,  as  when,  it, 
was  rung  by  percufiion. 


SECTION; 
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SECTION  VII. 


Various  experiments  relating  to  CHARGING  and 
DISCHARGING  glass  jars  and  batteries. 


AS  feveral  things  have  occurred,  in  the  courfe  of  my  ex¬ 
periments,  relating  to  charging  and  difcharging  both 
common  jars  and  large  eledrical  batteries,  which  I  have  not  feen 
in  the  writings  of  any  eledricians  ;  and  as  fome  of  the  fads  are 
not  eafily  accounted  for,  I  fhall  mention  a  few  of  the  more  re¬ 
markable  of  them,  juft  as  they  happened. 

April  the  28th,  As  I  was  amufing  myfelf  with  charging 
three  jars  of  the  ordinary  fize,  while  they  ftood  upon  a  metal 
plate  on  the  table,  with  their  wires  at  different  diftances  from 
the  fame  prime  condudor,  which  was  fixed  on  pillars  of  baked 
wood ;  I  obferved,  that  whenever  one  of  the  jars,  which  ftood 
next  to  the  condudor,  difcharged  itfelf,  the  others  would  dif- 
charge  themfelves  too  ;  though  they  were  far  from  having  re¬ 
ceived  their  full  charge,  being  placed  at  a  greater  diftance 
from  the  common  condudor,  and  confequently  having  taken 
but  few  fparks,  in  comparifon  of  that  which  ftood  the 
neareft. 

A  variety  of  experiments  feem  to  fhow,  that,  while  ajar 
continues  charged,  the  electric  matter  is  continually  infinuating 
itfelf  farther  and  farther  into  the  fubftance  of  the  glafs,  fo  that 
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the  hazard  of  its  burfling  is  the  greatefl  fome  time  after  the 
charging  is  over. 

May  the  26th.  After  having  charged  forty-one  jars  to¬ 
gether,  each  containing  about  a  fquare  foot  of  coated  glafs,  I 
let  them  Hand  about  a  minute  and  a  half,  while  I  was  adjufting 
fome  part  of  the  apparatus,  in  order  to  make  the  difcharge; 
when  they  exploded  by  the  burfling  of  one  of  the  number.  I 
obferved  alfo,  that  the  jar  which  was  burfl  was  at  a  con- 
fiderable  distance  from  the  place  where  I  faw  the  flafh  at  the 
wires.  It  was  alfo  broke  through  in  two  different  places. 

For  the  fame  reafon,  there  is  no  being  fure  that  jars,  which 
have  flood  one  difcharge,  will  bear  another  equally  high.  I  am 
confident  that  feveral  of  mine  have  burfl  with  a  much  lefs  charge, 
than  they  had  actually  held  before. 

June  the  29th.  A  jar  of  an  ordinary  fize,  which  had  been 
in  conflant  ufe  for  feveral  months,  and  which  had  difcharged 
itfelf  more  than  a  hundred  times  without  any  injury,  at  length 
burfl,  as  I  was  difcharging  it  at  the  prime  conductor.  The 
hole  was  at  a  different  place  from  that  at  which  the  difcharge 
was  made,  but  this  does  not  always  happen.  The  tip  of  my  little 
finger  happened  to  lie  very  lightly  on  the  place,  and  1  felt  it 
was  burfl  by  a  fmall  pricking,  as  of  a  pin,  though  the  explofion 
at  the  conductor  was  nearly  equal  to  that  of  any  other  difcharge. 
The  coating  of  a  jar  contiguous  to  one  that  is  burfl  is  always, 
melted  by  the  explofion. 

June  the  25th.  A  fmall  thin  phial,  which  had  been  charged 
fmgly  as  high  as  it  could  bear,  fo  as  to  have  difcharged 
itfelf,  and  alfo  in  conjunction  with  four  others  of  its  own  fize, 
burfl  by  a  fpontaneous  explofion,  when  it  was  charged  in  con-, 
junction  with  a  battery. 

I  had  never  heard  of  a  jar  burfling  in  more  than  one  place, 
or  more  than  one  jar  in  a  battery  burfling  at  the  fame  time  >  . 
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but  I  have  often  found,  to  my  coft,  that  this  event  is  very  pofti- 
ble.  In  this  cafe,  there  muft  be  a  difcharge  at  more  places 
than  one  at  the  fame  time  :  and,  befides,  it  feems  to  follow 
from  it,  that  whenever  there  is  a  folicitation,  as  we  may  fay,  to 
difcharge  at  one  place,  the  effort  to  difcharge  at  every  other  place 
is  encreafed  at  the  fame  time. 

It  has  frequently  happened  with  me,  that  jars  have  been  burft 
at  the  inftant  that  I  was  making  the  difcharge  in  the  common 
way ;  and  when  I  have  come  to  charge  them  again,  they  have  ap¬ 
peared  to  be  burft,  in  fome  place  of  the  battery  where  I  never 
expected  it.  Two  inftances  of  this  kind  happened  in  the  ex- 
plofton  mentioned  above;  but  the  moft  remarkable  fadl  of  -  this 
kind  happened  the  3  1  ft  of  May,  when  a  battery  of  about  forty 
jars,  each  containing  a  fquare  foot  of  coated  glafs,  difcharged  1 
itlelf. 

Upon  examination,  I  found  that  fix  of  the  jars  were  burft, 
one  had  the  tinfoil  coating  on  the  outfide  quite  melted,  in  a  cir¬ 
cular  fpot  about  half  an  inch  in  diameter ;  and  in  the  infide  it 
was  burned  quite  black,  near  an  inch  and  an  half.  A  feeond  was  • 
melted  on  the  outfide,  about  three  quarters  of  an  inch  in 
diameter,  and  the  black  fpot  in  the  infide  was  two  inches.  A 
third  had  one  hole  made  in  the  form  of  a  ftar,  more  fmall' 
cracks  like  radii  proceeded  from  a  center  than  could  be  count¬ 
ed.  And  there  was  hardly  one  of  the  jars  that  was  burft  with  a 
fingle  hole.  Some  were  burft  in  feven  or  eight  different  places, 
of  which  fome  were  very  remote  from  others;  but  generally  there 
was  one  principal  hole,  and  feveral  fmaller,  but  independent 
ones,  in  the  neighbourhood  of  it,  as  within  half  an  inch,  an  inch, 
or  two  inches  from  it. 

June  the,  14th.  The  above  mentioned  battery  difcharged  itfelf 
once  more  ;  when  three  jars  were  burft,  and  one  of  them,  befides  •. 
its  principal, hole,  had  a  circular  row  of  fractures,  quite  round  the 
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hole,  at  the  diftance  of  about  half  an  inch.  This  appearance 
ftruck  me  as  fomething  very  remarkable,  but  fome  light  may 
perhaps  be  thrown  upon  it  by  a  fubfequent  courfe  of  experi¬ 
ments.  Each  of  the  fmaller  fra&ures  was  about  a  tenth  of  an 
inch  in  length. 

November  the  57th.  Having  charged  both  my  batteries,  one 
of  them,  at  that  time,  of  thirty-one  fquare  feet,  and  the  other 
oi  thirty-two,  1  made  the  explofion  ;  when  one  jar  in  each  bat¬ 
tery  was  afterwards  found  to  be  broken.  They  broke  at  the 
iaftant  of  the  difcharge,  fo  that  I  did  not  fufpedt  what  had  hap¬ 
pened.  Both  the  batteries  had  frequently  borne  a  much  higher 
charge.  In  one  of  the  fmaller  jars,  the  coating,  behdes  being 
burft  oppofite  to  the  hole,  was  rent  about  an  inch  and  an  half 
along  a  crack  that  was  made  from  it. 

When  jars  dilpofed  in  batteries  have  been  burfl  in  this  man¬ 
ner.  I  have  never  failed  to  obferve  one  circumftance  which  ap¬ 
pears  to  me  truly  remarkable.  It  is,  that  though,  in  this  cafe, 
feveral  paffages  be  opened  for  reftoring  the  equilibrium  of  the 
eledtric  fluid,  yet  the  whole  feems  to  pafs  in  the  circuit  that  is 
formed  for  it  externally.  At  leaft,  the  effedt  of  the  explofion  is 
not  fenfibly  diminifhed,  upon  any  fubflances  that  are  expofed  to 
it.  This  I  had  a  fair  opportunity  of  obferving  when  I  was 
tranfmitting  the  explofion  of  the  battery  through  wires  of  differ¬ 
ent  metals.  I  found  that  the  utmofl  force  of  the  battery  would 
do  little  more  than  melt  a  piece  of  filver  wire  on  which  I  was  try¬ 
ing  it,  .and  yet  it  was,  at  one  time,  totally  difperfed  by  an  ex- 
plolion,  in  making  which  three  jars  were  broken  in  different  parts 
of  the  battery. 

The  moll  remarkable  fracture  I  remember,  was  of  a  jar  an 
eighth  of  an  inch  thick,  and  which  was  therefore,  for  a  long 
time,  thought  to  be  too  thick  for  ufe.  This  jar,  however,  which 
had  never  held  but  a  moderate  charge,  burft  fpontaneoufly ; 

when 
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when  there  was  found  in  it  one  hole  like  what  is  commonly  ob- 

ferved,  from  which  extended  two  cracks  that  met  on  the  oppofite 

fide  of  the  jar,  fo  that  it  came  in  two  parts :  but,  befides  this, 

there  were  two  other  holes,  barely  vifible  to  the  naked  eye,  at 

the  diftance  of  fome  inches  from  the  principal  hole,  and  c’on- 

fiderably  diftant  from  one  another.  Yet  thefe  holes,  when 

examined  with  a  microfcope,  were  plainly  fradures,  like  others 

made  in  the  fame  manner,  having  a  white  (peck  in  the  middle. 

One  of  them  was  above  the  external  coating,  but  not  above  the 
internal.. 

1  had  frequently  been  much  furprifed  at  the  great  diftance 
at  which  feveral  of  my  jars  would  difcharge  themfelves,  one  off 
five  inches  being  very  common.  This  induced  me  to  try  at  what 
ciiitance  I  could  make  that  fpontaneous  difcharge* 

February  the  21ft.  I  got  a  jar,  eight  inches  and  a  half 
m  depth,  and  three  in  diameter.  Finding  it  difcharged  itfelf  very 
eafily,  when  coated  in  the  ufual  manner,  that  is,  about  four  inches 
from  the  top;  I  cut  the  coating  away,  till  I  had  brought  it  with¬ 
in-  two  inches  and  a  quarter  from  the  bottom  ;  when  it  ftill  re¬ 
tained  the  fame  property 3  and,  at  length,  it  burft  by  a  dif¬ 
charge  through  a  white  fpeck  of  unvitrified  matter,  an  inch, 
and  three  quarters  above  the  top  of  the  coating. 

I  then  procured  a  jar  made  blue  with  zaffre,  feven  inches 
and  a  half  high,  and  two  inches  and  an  half  in  diameter.  I  coat-  - 
ed  of  it  only  one  inch  and  a  quarter  from  the  bottom,  and  yet 
it  difcharged  itfelf  very  readily.  I  afterwards,  by  degrees,  cut 
tire  coating  down  to  little  more  than  half  an  inch  from  the  bottom, 
and  ftill  the  difcharge  continued  to  be  made  as  before.  This 
property  it  retained  till  the  month  of  Oftober  following,  when  it 
was  broke  by  an  accident. 

I  have  another  blue  jar,  of  nearly  the  fame  fize  with  the  : 
former*  which  is  almoft  full  of  brafs  dull,  but  has  no  coating  at : 

all. 
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all  on  the  outfide.  Yet,  if  I  fet  this  jar  upon  the  table,  in  con- 
tad  with  a  Angle  piece  of  brafs  chain,  going  quite  round  it,  and 
lying  upon  the  table,  it  will  difcharge  itfelf  the  whole  length 
of  the  glafs.  N.  B.  The  manner  in  which  the  uncoated  part  of 
thefe  jars  becomes  charged  exhibits  an  exceedingly  beautiful  ap¬ 
pearance,  efpecially  in  the  dark  ;  the  fire  flafhing  from  the 
top  of  the  coating,  in  the  form  of  branches  of  trees,  firft  on 
one  fide  of  the,  glafs,  and  then  on  the  other,  and  growing 
larger  and  larger  till  they  go  over  the  top. 

I  have  made  fome  experiments,  to  try  how  thick  a  plate 
of  glafs  may  be  charged,  but  I  have  not  been  able  to  afcertain 
this  circumftance  with  any  degree  of  exadnefs  :  I  only  found, 
that  I  was  not  able  to  give  the  leaft  charge  to  a  plate  of  glafs 
half  an  inch  thick,  when  it  was  not  warmed.  It  was  the  bot¬ 
tom  of  a  large  glafs  tumbler  ;  but  meeting  with  it  only  upon  a 
journey  at  the  houfe  of  an  ingenious  eledrician,  I  had  no  op¬ 
portunity  of  making  many  experiments  upon  it.  1  imagine  that 
warming  it  would  have  made  it  capable  of  being  charged. 
Glafs  of  a  quarter  of  an  inch  thick  wiH  hold  a  pretty  good 
charge. 

Mr.  Kinnersley’s  experiments  leaving  me  no  reafon  to 
doubt,  but  that  Florence  flafks  were  capable  of  receiving  a 
charge  like  any  other  thin  glafs,  which  might  be  made  a  con- 
dudor  by  heat,  I  imagined  I  could  foon  conflrud  a  very  firong 
and  very  cheap  electrical  battery  out  of  them.  Accordingly  I 
procured  a  few,  for  a  fpecimen,  but  was  greatly  furprifed 
to  find  that  the  eledricity  went  through  them,  wdien  quite 
cold,  like  water  through  a  fieve,  without  making  any  fradure 
in  them  :  for  they  continued  to  hold  the  fame  fmall  charge,  which 
was  different  in  different  flafks.  Mentioning  this  difappoint- 
?ment  to  Mr.  Canton,  he  informed  me,  that  he  had  met  with 
the  fame,  and  that  the  permeability  of  this  kind  of  glafs  to  the 
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eleCtric  fluid  was  owing  to  fmall  unvitrified  parts  which  may 
be  feen  in  them.  I  thought  it  might  be  of  ufe  to  publifh 
this  fa£t,  as  it  may  prevent  other  perfons  from  being  difappoint- 
ed  in  the  fame  expectations. 

As  glafs  had  generally  been  charged  when  it  was  fmooth,  and 
eleCtrics  which  had  the  property  of  roughs  glafs,  when  excited, 
were  exceedingly  difficult  to  charge ;  I  had  the  curiofity  to  try 
what  might  be  done  with  rough  glafs  itfelf.  Accordingly,  I  firft 
made  part  of  a  jar  rough,  connecting  the  infide  with  the  out- 
fide  coating  ;  thinking  that  the  roughnefs  might  poffibly  pro¬ 
mote  a  fpontaneous  difcharge ;  but  I  found  it  was  not  made  in 
that  place  preferably  to  any  other.  I  afterwards  took  the  poliflr 
from  all  that  part  of  the  outfide  of  a  jar  that  was  above  the  coat¬ 
ing,  but  it  was  charged  and  difcharged  exactly  as  before.  Laft- 
ly,  I  made  a  plate  of  glafs  rough  on  both  fides,  taking  off  all 
its  polifli,  and  found  that  it  received  a  charge  as  well  as  a  fmooth 
plate. 

The  manner  in  which  tubes  and  plates  of  glafs  have  broken, 
when  I  have  failed  to  ftrike  a  metallic  tinge  into  them,  by  the 
difcharge  of  an  eleCtrical  battery,  have  fometimes  been  attended 
with  circumftances  which  I  cannot  eafily  account  for.  The  fol¬ 
lowing  are  the  faCts. 

December  the  3d.  Endeavouring  to  fix  a  metallic  tinge  upon 
a  flat  piece  of  glafs,  it  was  broken  by  the  explofion,  parallel 
to  the  line  along  which  the  metal  lay,  at  about  an  inch  difiance, 
but  not  where  the  tinge  itfelf  was. 

In  attempting  to  give  a  metallic  tinge  to  a  part  of  a  long  glafs 
tube,  it  broke,  though  not  in  the  place  where  the  tinge  was 
made,  but  on  the  oppofite  fide,  which  was  fhattered  all  to  pieces. 
The  leaf  gold  had  been  bound  tight  to  the  glafs,  under  a  piece  of 
pafteboard,  which  covered  the  gold,  but  not  all  the  tube. 
Another  tube  alfo  was  broken  in  large  fragments  where  the 
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metal  had  been  put  on,  but  into  fmall  fplinters  on  the  oppofite 
fide  ;  and  for  the  fpace  of  fix  or  feven  inches  farther,-  it  was 
not  broken  at  all  on  the  fide  of  the  metal,  but  very  much  on 
the  other  fide. 

At  another  time,  in  attempting  the  fame  thing  with  another 
glafs  tube ;  the  end  of  it,  which  was  near  a  foot  diftant  from  the 
place  where  the  metal  was  laid,  and  which  was  a  little  cracked 
in  an  oblique  direction,  broke  off  in  a  round  piece. 

As  few  experiments  have  been  publifhed  about  melting  wires , 
and  procuring  globules  of  metal  by  eledrical  difcharges,  and  as 
fever al  things  have  occurred  in  my  attempts  that  way,  which 
perhaps  have  not  occurred  to  other  perfons,  I  fhall  mention  a 
few  of  the  moll  material  circumftances.  They  will,  at  lead:, 
ferve  as  a  diredion  to  thofe  who  may  be  difpofed  to  attempt  the 
fame  thing. 

I  had  frequently  attempted  to  procure  thofe  beautiful  globules 
of  metal ,  fome  of  which  I  had  feen  with  Mr,  Canton  ;  and 
for  that  purpofe  had  made  the  difcharge  through  fmall  wires 
laid  in  the  bottom  of  china  bowls,  &c.  but  always  without 
fuccefs.  At  length,  I  thought  of  inclofmg  the  wires  in  fmall 
tubes ;  and  this  expedient  fully  anfwered  my  purpofe  :  for,  No¬ 
vember  the  1 2th,  difcharging  a  battery  of  thirty-two  fquare 
feet  through  an  iron  wire  inclofed  in  a  fmall  glafs  tube,  I  found 
innumerable  globules  of  the  metal,  of  very  different  fizes.  The 
whole  piece  melted  was  about  two  inches.  Breaking  the  glafs  tube, 
I  found  the  infide  furface  uniformly  covered  with  thofe  globules, 
and  a  black  dud,  both  fixed  into  the  glafs ;  fo  that  they  could 
not  be  feparated,  without  tearing  away  part  of  the  glafs. 

Thinking  to  avoid  this  inconvenience,  I  fixed  the  fmall  wire 
in  the  center  of  a  glafs  tube,  of,  at  lead,  a  quarter  of  an  inch  in 
diameter ;  but,  upon  the  difcharge,  this  tube,  though  much 
wider  than  the  former,  was  uniformly  covered  with  the  globules, 

and 
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and  the  black  duft,  which  ftuck  very  faft  to  it,  though  the  metal 
did  not  feein  to  have  penetrated  into  the  fubfiance  of  the  glafs. 
When  the  tube  was  broken,  I  fcraped  off  part  of  the  black  lining, 
and  the  part  next  the  glafs  looked  like  a  thin  plate  of  the  metal. 

Imagining  that  the  melted  metal  would  not  adhere  fo  clofe- 
ly  to  a  conducing  fubfiance,  as  it  had  to  the  glafs,  I  inclofed 
the  wire  in  a  paper  tube  a  quarter  of  an  inch  wide.  Upon 
opening  it  after  the  difcharge,  it  was  found  uniformly  covered 
with  that  black  duft,  and  the  ftain  was  every  where  indelible. 
Sparks  of  fire  had  been  feen  three  feet  from  the  place  of  difcharge, 
but  no  part  of  the  metal  could  be  found. 

I  then  confined  the  wire  clofer,  wrapping  it  tight  in  paper. 
Upon  the  difcharge,  a  great  number  of  fparks  were  fee n,  for 
about  a  fecond  of  time,  a  quarter  of  a  yard  from  the  paper, 
which  was  burned  through  in  feveral  places.  Very  few  pieces 
could  be  found,  but  thofe  wrere  pretty  large  and  irregular  I 
now  found,  that,  in  order  to  produce  thefe  globules,  the  charge 
muft  be  moderate,  that  when  the  charge  was  very  high,  the 
whole  fubfiance  of  the  wire  was  difperfed  in  particles  too  fmall 
to  be  found;  and,  on  the  othe,r  hand,  when  the  charge  was 
not  fufficient,  the  metal  was  melted  into  fragments  too  large 
to  form  themfelves  into  regular  globules. 

With  the  fame  battery  I  once  melted  a  piece  of  iron  wire 
one  feventieth  of  an  inch  in  diameter,  when  a  piece  of  it  was 
thrown  quite  acrofs  the  table,  to  the  difiance  of  about  fix  feet ; 
where  it  fell  upon  a  bureau,  then  tumbled  down  to  the  ground, 
and  continued  glowing  hot  all  the  time.  At  other  times,  fparks 
from  melted  iron  have  been  thrown  three  yards,  in  oppofite 
directions,  from  the  place  of  the  fufion,  and  continued  a  feniible 
fpace  of  time  red-hot  upon  the  floor. 

At  another  time  I  had  a  very  fine  opportunity  of  obferving 
what  part  of  the  conductors  which  form  an  eleCtric  circuit  are 
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moft  affe&ed  by  the  explofion  :  for,  upon  difcharging  a  battery 
of  fifty-one  fquare  feet  through  an  iron  wire  nine  inches  long, 
the  whole  of  it  was  glowing  hot  and  continued  fo  for  fome 
feconds ;  the  middle  part  growing  cool  firft,  while  both  the  extre¬ 
mities  were  fenfibly  red.  Upon  examining  it  afterwards,  both 
the  extremities  were  found  quite  melted ;  an  inch  or  two  of  the 
part  next  to  them  were  exceedingly  brittle,  and  crumbled  into 
fmall  pieces  upon  being  handled ;  while  the  middle  part  remain¬ 
ed  pretty  firm,  but  had  quite  loft  its  polifh,  fo  that  it  looked 
darker  than  before. 
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AS  I  have  conftruded  an  electrical  battery  of  confiderably 
greater  force  than  any  other  that  I  have  yet  heard  of, 
and  as  I  have  fometimes  expofed  animals  to  the  fhock  of  it,  and 
have  particularly  attended  to  feveral  circumftances,  which  have 
been  overlooked,  or  mifapprehended  by  others  ;  it  may  not  be 
improper  to  relate  a  few  of  the  cafes,  in  which  the  fads  were,  in 
any  refped,  new,  or  worth  notice. 

June  the  4th.  I  killed  a  rat  with  the  difcharge  of  two  jars, 
each  containing  three  fquare  feet  of  coated  glafs.  The  animal  died 
immediately,  after  being  univerfally  convulfed,  at  the  inftant  of 
the  ftroke.  After  fome  time,  it  was  carefully  diifeded  ;  but  there 
was  no  internal  injury  perceived,  particularly  no  extravafation, 
either  in  the  abdomen,  thorax,  or  brain. 

June  the  19th.  I  killed  a  pretty  large  kitten  with  the  dif¬ 
charge  of  a  battery  of  thirty-three  fquare  feet ;  but  no  other  effed 
was  obferved,  except  that  a  red  fpot  was  found  on  the  pericra¬ 
nium,  where  the  fire  entered.  I  endeavoured  to  bring  it  to  life, 
by  diftending  the  lungs,  blowing  with  a  quill  into  the 
trachea,  but  to  no  purpofe.  The  heart  beat  a  fhort  time  after  the 
ftroke,  but  refpiration  ceafed  immediately. 
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June  the  21  ft.  I  killed  a  (mail  field-moufe  with  the  difcharge 
of  a  battery  of  thirty-fix  fquare  feet,  but  no  other  effed  was 
perceived,  except  that  the  hair  of  the  forehead  was  finged,  and 
in  part  torn  off.  There  was  no  extravafation  any  where,  though 
the  animal  was  fo  fmall,  and  the  force  with  which  it  was  killed 
fo  great.  This  fad,  and  many  others  of  a  fimilar  nature,  make 
me  fufped  fome  miftake,  in  cafes  where  larger  animals  are 
faid  to  have  had  all  their  blood  veffels  burft  by  a  much  inferior 
force. 

In  all  the  accounts  that  I  have  met  with  of  animals  killed  by 
the  eledric  fhock,  the  victims  were  either  fmall  quadrupeds,  or 
fowls;  and  they  are  all  reprefented  as  killed  fo  fuddenly,  that  it 
could  not  be  feen  how  they  were  affeded  previous  to  their  ex¬ 
piration.  In  fome  of  my  experiments,  the  great  force  of  my 
battery  has  afforded  me  a  pretty  fair  opportunity  of  obferving 
in  what  manner  the  animal  fyftem  is  affeded  by  the  eledric  fhock, 
the  animals  which  I  have  expofed  to  it  being  pretty  large  ;  fo 
that  a  better  judgment  may  be  formed  of  their  fenfations,  and 
confequently  of  the  immediate  caufe  of  their  death,  by  external 
figns.  I  do  not  pretend  to  draw  any  conclufion  myfelf  from 
the  following  fads.  I  have  only  noted  them  as  carefully  as  I 
could  for  the  ufe  of  phyficians  and  anatomifts.  _  „ 

June  the  26th.  I  difcharged  a  battery  of  thirty-eight  fquare 
feet  of  coated  glafs,  through  f he  head,  and  out  at  the  tail  of  a 
full  grown  cat ,  three  or  four  years  old.  At  that  inftant,  fine  was 
violently  convulfed  all  over.  After  a  ftnort  refpite,  there  game 
on  fmallcr  convulfions,  in  various  mufcles,  particularly  on  the 
fides  ;  which  terminated  in  a  violent  convullive  refpiration,  at¬ 
tended  with  a  rattling  in  the  throat.  This  continued  five 
minutes,  without  any  motion  that  could  be  called  breathing, 
but  was  fucceeded  by  an  exceedingly  quick  refpiration,  which 

continued  near  half  an  hour.  Towards  the  end  of  this  time, 
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fhe  was  able  to  move  her  head,  and  fore  feet,  fo  as  to  pufh  her- 
felf  backwards  on  the  floor ;  but  fhe  was  not  able  to  move  her 
hind  feet  in  the  leaf!,  notwithftanding  the  fhock  had  not  pafled 
through  them.  While  fhe  continued  in  this  condition,  1  gave 
her  a  fecond  flroke,  which  was  attended,  as  before,  with  the 
violent  convulfion,  the  fhort  refpite,  and  the  convulfive  refpira- 
tion  ;  in  which,  after  continuing  about  a  minute,  fhe  died. 

Being  willing  to  try,  for  once,  the  effedt  of  a  much  greater 
fhock  than  that  which  killed  the  cat  upon  a  large  animal,  I  gave 
an  explofion  of  fixty-two  fquare  feet  of  coated  glafs  to  a  dog 
of  the  fize  of  a  common  cur.  The  moment  he  was  flruck, 
which  was  on  the  head  (but,  not  having  a  very  good  light,  I 
could  not  tell  exactly  where)  all  his  limbs  were  extended,  he 
fell  backwards,  and  lay  without  any  motion,  or  fign  of  life 
for  about  a  minute.  Then  followed  convulfions,  but  not  very 
violent,  in  all  his  limbs ;  and  after  that  a  convulfive  refpira- 
tion,  attended  with  a  fmall  rattling  in  the  throat.  In  about  four 
minutes  from  the  time  that  he  was  flruck,  he  was  able  to  move, 
though  he  did  not  offer  to  walk  till  about  half  an  hour  after  ; 
in  all  which  time,  he  kept  difcharging  a  great  quantity  of  faliva; 
and  there  was  alfo  a  great  flux  of  rheum  from  his  eyes,  on  which 
he  kept  putting  his  feet;  though  in  other  refpedts  he  lay  perfect¬ 
ly  lifllefs.  He  never  opened  his  eyes  all  the  evening  in  which 
he  was  flruck,  and  the  next  morning  he  appeared  to  be  quite 
blind,  though  feemingly  well  in  every  other  relpeCt. 

Having  difpatched  the  dog,  by  fhooting  him  through  the 
hinder  part  of  his  head,  I  examined  one  of  his  eyes  (both  of 
which  had  an  uniform  blueifh  cafl,  like  a  film  over  the  pupil) 
and  found  all  the  three  humours  perfectly  tranfparent,  and,  as 
far  as  could  be  judged,  in  their  right  ftate  ;  but  the  cor¬ 
nea  was  throughout  white  and  opaque,  like  a  bit  of  griftle,  and 
remarkably  thick. 
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Before  this  experiment,  I  had  imagined,  that  animals  ftruck 
blind  by  lightning  had  probably  a  gutta  ferena ,  on  account 
of  the  concufflon  which  is  feemingly*  given  to  the  nervous  fyftem 
by  the  eledric  fhock  ;  whereas  this  cafe  was  evidently  an  in¬ 
flammation,  occafioned  by  the  exploflon  being  made  fo  near  the 
eyes,  terminating  in  a  fpecies  of  the  albugo ;  but  which  I  fuppofe 
would  have  been  incurable.  One  of  the  eyes  of  this  dog  was 
affeded  a  little  more  than  the  other ;  owing,  probably,  to  the 
flroke  being  made  a  little  nearer  to  one  eye  than  the  other.  I  in¬ 
tended  to  give  the  flroke  about  an  inch  above  the  eyes. 

In  order  to  afeertain  the  effeds  of  eledricity  on  an  animal 
body,  I,  after  this,  began  a  courfe  of  experiments  on  the  con- 
duding  power  of  its  conflituent  parts ;  and  for  fome  time  ima¬ 
gined  that  a  piece  of  fpinal  marrow  of  an  ox  conduded  fenfi- 
bly  worfe  than  the  mufcular  fiefh  ;  but  after  a  great  number 
of  trials  with  pieces  of  fpinal  marrow  from  various  animals,  and 
pieces  of  mufcular  fleih,  of  the  fame  fize  and  form,  and  in 
various  flates  of  raoifture  and  drynefs,  I  gave  up  that  opi¬ 
nion  as  fallacious  ;  but  I  cannot  help  wifhing  the  experiments 
were  refumed  with  fome  more  accurate  meafure  of  conduding 
power  than  hath  yet  been  contrived. 

Being  willing  to  obferve,  if  poffible,  the  immediate  effed  of 
the  eledric  {hock  on  the  heart  and  lungs  of  animals,  I  gave, 
fane  the  5th,  a  fhock  from  fix  fquare  feet  to  a  frog,  in  which 
the  thorax  had  been  previoufly  laid  open,  lo  that  the  puliation 
of  the  heart  might  be  leen.  Upon  receiving  the  flroke,  the 
lungs  were  inftantly  inflated  ;  and,  together  with  the  other  con¬ 
tents  of  the  thorax,  thrown  quite  out  of  the  body.  rI  he  heart, 
however,  continued  to  beat,  though  very  languidly,  and  there 
was  no  other  fign  of  life  for  about  ten  minutes.  After  that, 
a  motion  was  firfl  perceived  under  its  jaws  ;  which  was  propa¬ 
gated,  by  degrees,  to  the  mufcles  of  the  fldes ;  and  at  laft 
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the  creature  Teemed  as  if  it  would  have  come  to  life,  if  it 
had  not  been  fo  much  mangled.  The  ftroke  entered  the  head, 
and  went  out  at  the  hind  feet. 

June  the  6th.  I  difcharged  a  battery  of  thirty-three  fquare  feet 
through  the  head  and  whole  extended  body  of  another  frog. 
Immediately  upon  receiving  the  ftroke,  there  was,  as  it  were, 
a  momentary  diftention  of  all  the  mufcles  of  the  body,  and  it  re¬ 
mained  fhrivelled  up  in  a  moft  furprifing  manner.  For  about 
five  minutes  there  appeared  no  fign  of  life,  and  the  pulfation  of 
the  heart  could  not  be  felt  with  the  finger.  But  afterwards, 
there  firft  appeared  a  motion  under  the  jaws,,  then  all  along  the 
Tides,  attended  with  convulfive  motions  of  the  other  parts,  and  in 
about  an  hour  it  became,  to  all  appearance,  as  well  as  ever. 

The  fame  day,  I  gave  the  fame  ftroke  to  two  other  frogs. 
They  were  affeded  in  the  fame  manner,  and  perfectly  recovered 
in  lefs  than  three  hours. 

These  fads  furprifed  me  very  much.  I  attribute  the  re¬ 
covery  of  the  frogs  partly  to  the  moifture,  which  always  feems 
to  cover  their  body,  and  which  might  tranfmit  a  good  part  of  the 
fhock ;  and  partly  to  that  provifion  in  their  conftitution,  where¬ 
by  they  can  fubfift  a  long  time  without  breathing.  To  afcertain 
this,  I  would  have  given  the  fhock  to  toads,  ferpents,  fifties,  & c. 
and  various  other  exanguious  animals,  but  I  had  not  an  oppor¬ 
tunity.  Befides,  it  is  paying  dear  for  philofophical  difcoveries,  to 
purchafe  them  at  the  expence  of  humanity. 
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Experiments  on  the  CIRCULAR  SPOTS  made  on  pieces 

OF  METAL  BY  LARGE  ELECTRICAL  EXPLOSIONS* 


IN  the  courfes  of  experiments  with  which  I  fhall  prefent  the 
reader  in  this  and  the  two  following  fedions,  I  can  pre¬ 
tend  to  no  fort  of  merit.  I  was  unavoidably  led  to  them  in  the 
ufe  of  a  very  great  force  of  eledricity.  The  firft  new  appearance 
was,  in  all  the  cafes,  perfedly  accidental,  and  engaged  me  to  pur- 
fue  the  train ;  and  the  refults  are  fo  far  from  favouring  any  par¬ 
ticular  theory  or  hypothecs  of  my  own,  that  I  cannot  perfedly 
reconcile  many  of  the  various  phenomena  to  any  hypothefis. 

From  the  firft  of  my  giving  any  particular  attention  to  elec¬ 
trical  experiments,  I  entertained  a  confufed  notion,  that  a  per- 
fon  would  hand  the  beft  chance  for  hitting  upon  fome  new  dif- 
covery,  by  applying  a  greater  force  than  had  hitherto  been  ufed. 
Confidering  the  prodigious  number  of  eledrical  machines  that 
were  in  the  hands  of  fo  many  ingenious  men,  in  different  parts 
of  the  world,  I  imagined  that  all  that  could  be  done  in  little  had 
been  tried  ;  and  that  the  ufual  experiments  had  been  diversified 
and  combined  in  almoft  every  method  poffible;  whereas,  fince 
eledrical  machines,  I  obferved,  had,  of  late  years,  been  gradually 
reduced  into  lefs  and  tompafs,  a  great  power  of  eledricity 
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would  be  almoft  a  new  tiling,  and  might  therefore  fupply 
the  means  of  new  experiments.  Even  Dr.  Franklin’s  force, 
I  conlidcred,  was  fmall,  in  comparifon  of  what  might  eafily  be 
raifed,  and  without  a  very  great  expence. 

With  thefe  general  and  random  expectations,  I  kept  gradually 
increafing  my  quantity  of  coated  glafs,  till  I  got  a  battery  of 
thirty,  forty,  fixty,  and  at  length  near  eighty  fquare  feet ;  and 
the  reader  will,  in  fome  meafure,  have  feen  already,  that  I 
was  not  wholly  difappointed  in  it.  The  following  courfes  of  ex¬ 
periments  are  more  remarkable  inflances  of  the  advantage  I  deriv¬ 
ed  from  this  power  of  electricity. 

The  firft  remarkable  fa£t  that  I  was  by  this  means  led  to 
difcover,  is  that  of  the  circles  with  which  pieces  of  metal  that 
receive  electrical  explofions  are  marked.  I  fhall  faithfully  relate  all 
the  circumftances,  and  varieties  in  which  it  has  been  exhibited, 
and  the  obfervations  I  have  made  upon  it  ;  and  this  I  cannot 
do  better  than  by  writing  the  narrative,  in  the  order  in  which 
the  appearances  occurred. 

June  the  13th,  1766.  After  difcharging  a  battery,  of  about 
forty  fquare  feet,  with  a  fmooth  brafs  knob,  I  accidentally  ob- 
lerved  upon  it  a  pretty  large  circular  fpot  •>  the  center  of  which 
feemed  to  be  fuperficially  melted,  in  a  great  number  of  dots, 
larger  near  the  center,  and  fmaller  at  a  diftance  from  it.  Beyond 
this  central  fpot  was  a  circle  of  black  dull,  which  was  eafily  wiped 
off;  but,  what  I  was  moft  flruck  with  was,  that,  after  an  in¬ 
terruption  of  melted  places,  there  was  an  intire  and  exaCt 
circle  of  fliining  dots,  confiding  of  places  fuperficially  melted, 
like  thofe  at  the  center.  The  appearance  of  the  whole,  exclu- 
hve  of  the  black  dull,  is  reprefented,  Plate  I.  fig.  5.  No.  1. 

June  the  14th.  I  took  the  fpot  upon  fmooth  pieces  of 
lead  and  fiver.  It  was,  in  both  cafes,  like  that  on  the  brafs 
knob,  only  the  central  fpot  on  the  filver  confided  of  dots  difpofed 
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with  the  utmoft  exadnefs,  like  radii  from  the  center  of  a  circle, 
each  of  which  terminated  a  little  fhort  of  the  external  circle. 

Examining  the  fpots  with  a  microfcope,  both  the  Alining 
dots  that  formed  the  central  fpot,  and  thofe  which  formed  the  ' 
external  circle,  appeared  evidently  to  eonfift  of  cavities,  refembling 
thofe  of  the  moon,  as  they  appear  through  a  telefcope,  the  edges 
projeding  fhadows  into  them,  when  they  were  held  in  the 
fun. 

The  moll  beautiful  appearance  of  this  kind  was  exhibited 
by  a  fpot,  which  I  took  on  a  gold  watch  cafe.  Befides  the 
cavities,  there  were,  in  feveral  places  of  the  fpot,  hollow  bubbles 
of  the  metal,  which  mull  have  been  raifed  when  it  was  in  a 
ftate  of  fufion.  Thefe  looked  very  beautiful  when  examined 
with  a  microfcope  in  the  fun,  and  were  eafily  diftinguifhed  from 
the  cavities,  by  having  their  radiant  points  (which  were  very  re¬ 
markable,  and  dazzling  to  the  eye)  on  oppofite  fides  to  thofe 
of  the  cavities,  with  refped  to  the  fun.  The  whole  -progrefs 
feems  to  have  been  firft  a  fufion,  then  an  attradion  of  the  liquid 
metal,  which  helped  to  form  the  bubbles  ;  and  laffcly  the 
burfting  of  the  bubbles,  which  left  the  cavities.  N.  B.  By  this 
explofion  half  an  inch  of  a  fteel  wire,  one  feventieth  of  an  inch  in 
diameter,  was  melted,  and  entirely  difperfed.  In  the  difperfion, 
fparks  of  it  were  feen  red-hot,  above  half  a  yard  from  the  place 
where  the  wire  had  lain.  This  circumftance  I  have  frequently 
obferved  fince. 

I  took  the  circular  fpot  upon  polifhed  pieces  of  feveral 
metals,  with  the  charge  of  the  fame  battery,  and  obferved  that 
the  cavities  in  them  were  fome  of  them  deeper  than  others,  as 
I  thought,  in  the  following  order,  beginning  with  the  deepeft, 
tin ,  lead,  brafs ,  gold, Jtecl ,  iron,  copper ,  Jilver . 

I  will  not  be  very  pofitive  as  to  the  order  of  fome  of  the 
metals,  but  filver  was  evidently  not  affeded  a  fourth  part  fo  much 
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as  gold,  and  much  Iefs  than  any  of  the  others.  The  circles 
were  marked  as  plain,  but  the  impreflion  was  more  fuperftcial. 
Qu.  Is  this  owing  to  the  heat  being  fooner  diffufed  equably 
through  a  piece  of  filver,  than  through  the  fubftance  of  any 
other  metal  ? 

I  thought  there  might  poflibly  be  fome  difference  in  the 
circles  on  metals  which  had  been  a  long  time  in  a  folid  form, 
and  thofe  which  had  been  lately  fluid  ;  and  to  afcertain  it,  I  made 
the  explofion  between  a  piece  of  lead  juft  folid  after  melting, 
and  another  fmooth  piece,  that  I  had  kept  a  confiderable  time. 

The  piece  of  frefh  lead  was  melted  more  than  the  other,  but 
there  was  no  other  difference  between  them. 

The  femi-metals,  as  bifmuth  and  zmk,  received  the  fame 
impreflion  as  the  proper  metals  ;  being  melted  about  as  much 
as  iron* 

I  made  three  difcharges  between  a  piece  of  highly  polifhed 
fteel,  and  a  piece  of  very  fmooth  iron  ;  and  in  all  the  cafes 
thought  the  fteel  was  more  deeply  melted  than  the  iron.  I  men¬ 
tion  this  experiment  more  particularly,  on  account  of  the  Angu¬ 
lar,  and  beautiful  appearance  of  the  circular  fpot  upon  the  fteel 
in  two  of  the  difcharges.  A  circular  fpot,  of  about  an  eighth 
of  an  inch  in  diameter,  was  uniformly  melted,  and  pretty  well 
deftned  ;  and  there  was  a  fpace  round  this  central  fpot,  of  the 
fame  breadth,  uniformly  Ailed  with  fmall  melted  places  ;  but 
in  one  of  them  twice  as  large  as  in  the  other.  They  exhibited  the 
exa£t  appearance  of  a  planet  furrounded  by  a  denfe  atmofphere  ; 
fuch  as,  I  think,  I  remember  feeing  the  ftgures  of,  in  the  plates 
of  Burnet’s  Theory  of  the  Earth.  The  other  circle  upon  the 
fteel  was  a  common  one. 

When  the  kitten  above  mentioned  was  killed,  there  was 
no  circular  fpot,  or  any  fufion  on  the  brafs  knob.  I  have 
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always  found  it  the  mod  perfect,  when  the  circuit  has  been  com- 
pofed  of  the  bed  conductors,  and  had  the  fewefl  intervals. 

June  the  19th.  Hanging  the  cafe  of  one  watch  upon  the 
brafs  knobs  communicating  with  the  infide  of  the  battery,  and 
receiving  the  explofion  from  it  upon  the  cafe  of  another  watch, 
which  was  fometimes  of  the  fame,  and  fometimes  of  a  different 
metal,  and  meafuring  the  circles  afterwards ;  I  found  them  to  be 
very  nearly  of  the  fame  diameter.  The  fmall  varieties  feemed  to 
be  accidental ;  or  at  lead  did  not  depend,  either  upon  the  metal, 
or  the  direction  of  the  eledric  fluid.  But  I  thought  it  pretty 
evident,  from  a  great  number  of  experiments,  that  the  metal 
which  communicated  with  the  outfide  of  the  battery,  and  which 
I  held  in  my  hand  to  take  the  explofion,  was  marked  the  more 
didindly  of  the  two. 

It  feemed  that,  when  the  battery  was  charged  very  high, 
the  central  fpot  was  the  mod  irregular,  many  of  the  dots  which 
compofed  it  fpreading  into  the  outer  circle,  and  fome  dots  ap¬ 
pearing  beyond  the  outer  circle,  and  very  much  effacing  it ;  fo 
that  the  bed  way  to  procure  a  didind  circle,  is  to  take  a  mo¬ 
derate  charge  of  a  very  large  battery.  This  may  be  the  reafon 
why  the  outer  circle  cannot  be  perceived,  when  only  fmall 
jars  are  ufed  \  the  circumference  of  the  circle  being  very  fmall, 
and  the  charge  generally  too  high.  In  a  very  weak  charge,  it  is 
too  faint  to  be  perceived.  I  have  fometimes,  however,  feen  a 
very  didind  circle  made  by  only  two  jars,  each  containing  half 
a  fquare  foot  of  coated  glafs. 

The  diameter  of  the  fpot  fcems  to  depend  upon  the  quantity 
of  coated  glafs ;  but  in  what  proportion,  I  have  not  yet  accurate¬ 
ly  afcertained. 

I  have  obferved  a  good  deal  of  variety  in  the  external  circles. 
Sometimes  they  have  confided  of  pretty  large  dots,  difpofed  at 
nearly  equal  didances,  in  an  exact  circle  ;  which,  in  the  fpaces 
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betwixt  each  large  dot,  was  completed  by  fmaller  dots,  vifible 
only  by  a  microfcope.  But,  generally,  the  external  circle  confifls 
of  a  fpace  full  of  dots,  placed  irregularly,  but  fo  that  a  line  drawn 
through  the  midfi  of  them  makes  a  pretty  exadt  circle  round 
the  central  fpot. 

Pr  esently  after  I  had  obferved  the  Jingle  circle ,  I  imagined 
that,  whatever  was  the  caufe  of  the  appearance,  it  was  not 
improbable,  but  that  two  or  more  concentric  circles  might  be 
procured,  if  a  greater  quantity  of  coated  glafs  was  ufed,  or 
perhaps  if  the  explofion  was  received  upon  metals  that  were 
more  eafily  fufed  than  brafs.  Accordingly,  June  the  27th, 
taking  the  moderate  charge  of  a  battery,  confiding  of  about 
thirty-eight  fquare  feet,  upon  a  piece  of  tin,  I  fird  obferved  a 
fecond  outer  circle,  at  the  fame  didance  from  the  firft,  as  the 
firft  was  from  the  central  fpot.  It  confided  of  very  fine  points 
hardly  vifible,  except  when  held  in  an  advantageous  light;  but  the 
appearance  of  the  whole  was  very  beautiful,  fuch  as  is  reprefent- 
ed,  Plate  I.  fig.  5.  No.  2. 

June  the  28th.  1  got  another  double  circle,  on  a  flat  pewter 
ftandifh,  much  plainer  than  the  former,  the  outer  being  about  the 
fame  didance  from  the  inner,  as  the  inner  was  from  the  outfide  of 
the  central  fpot. 

Having  hitherto  found  the  circles  the  mod  difiindt  on  metals 
that  melt  with  the  lead  degree  of  heat,  I  foon  after  procured 
a  piece  of  that  compofition  which  melts  in  boiling  water  ;  and 
having  charged  fixty  fquare  feet  of  coated  glafs,  I  received  the 
explofion  with  it,  and  found,  what  I  was  endeavouring  to  get, 
three  concentric  circles  ;  the  outermod  of  which  was  not  quite  fo 
far  from  the  next  to  it,  as  that  was  from  the  innermod.  A1 
the  fpace  within  the  fird  circle  was  melted  ;  but  the  fpace  was 
very  well  defined,  and  by  no  means  like  a  central  fpot,  which 

• 

in  this  cafe  was  quite  obliterated.  The  appearance  of  thefe 
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three  concentric  circles  is  reprefented,  Plate  I.  %.  5, 
No.  3. 

I  have  feveral  times  fince  found  parts  of  three  concentric 
circles  upon  brafs  knobs,  when  I  have  ufed  no  more  than  thirty 
fquare  feet  of  coated  glafs.  They  feem  to  be  more  eafily  perceiv¬ 
ed,  when  the  knobs  are  a  little  tarnilhed  :  for  then  the  fmall 
dots,  in  which  the  metal  is  melted,  are  more  eafily  diftinguilh- 
ed,  efpecially  when  they  are  held  in  a  proper  light  with  refpeft 
to  the  fun. 

I  made  many  attempts  to  make  thefe  circles  larger  than  I  had 
ufually  found  them  upon  pieces  of  metal,  chiefly  by  means  of 
worfe  conductors ;  thinking  that  the  ele&ric  matter  not  being  fo 
well  conduced,  and  pafling  with  lefs  rapidity,  would  fpread 
wider.  This  was  probably  the  cafe,  but  then  it  is  likewife  pro¬ 
bable,  that  I  wanted  force  to  make  fuch  an  impreflion  viflble. 
For  this  purpofe,  however,  I  received  the  explofion  between 
two  pieces  of  raw  flefh,  two  potatoes,  two  moifl:  bladders,  and 
things  of  a  fimilar  nature,  but  without  any  eflecfl:  whatever ;  no 
mark  at  all,  or,  at  leaft,  nothing  regular  remaining  upon  them. 
When  I  took  the  explofion  upon  a  piece  of  wood  charcoal,  it 
feemed  to  be  melted,  and  run  in  fmall  heaps,  within  the  fpace 
of  about  the  ufual  diameter  of  a  circular  fpot ;  and  when  I  took  it 
upon  a  piece  of  pit  charcoal,  a  piece  feemed  to  be  ftruck  out  of 
it,  and  a  hole  was  left  in  it;  but  there  was  no  regular  circle 
upon  either  of  them  ;  nor  was  there  any  fenfible  ignition  in 
either  cafe. 

At  one  time  I  laid  a  piece  of  lead  ore ,  feraped  very  fmooth, 
upon  the  wires  of  the  battery,  and  took  the  explofion  with  a 
piece  of  tin  ore  feraped  in  the  fame  manner  ;  but  though  I 
examined  the  places  with  a  microfcope,  I  could  not  be  fure  that 
there  was  any  part  melted,  much  lefs  any  regular  circular 
fpot ;  but  there  lay  on  both  of  them  a  yellow  matter,  like  ful- 

phur 
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phur,  round  the  place  where  the  explofion  was  taken,  and  a 
very  difag  reeable  fmell  was  excited.  This  probably  •  arofe  from 
a  mixture  of  the  fulphur  of  the  lead  ore,  and  the  arfenic  of  the 

tin  ore. 

I  received  the  explofion  in  vacuo-)  at  the  difiance  of  about 
three  inches ;  but  found  no  regular  circular  fpot,  owing,  pro¬ 
bably,  to  the  two  interruptions  I  was  obliged,  in  this  cafe,  to 
make  in  the  circuit,  one  in  the  air,  and  the  other  within  the 
receiver;  by  means  of  which  the  effed  of  both  would  be  weaken¬ 
ed,  the  whole  force  being,  as  it  were,  divided  between  them  : 
for  in  all  fuch  cafes,  though  both  the  explofions  were  made  in 
the  open  air,  I  found  the  circles  lefs  perfed. 

Afterwards,  I  contrived  to  make  the  explofion  in  one 
additional  atmofphere  of  condenfed  air,  but  the  circles  were 
fmaller,  and  lefs  diftind  than  the  other  two  circles,  which  I 
was  obliged,  at  the  fame  time,  to  make  at  the  other  interrup¬ 
tion  of  the  circuit,  in  the  open  air.  The  denfer  air  would  pro¬ 
bably  confine  the  eledric  matter  within  a  narrower  compafs ;  in 
the  fame  manner  as  the  common  air  prevents  that  diffufion  of  it 
which  ts  remarkable  in  vacuo . 

The  diftance  at  which  the  difcharge  was  made  occafioned 
no  difference  in  the  diameter  of  thefe  circular  fpots.  When,  by 
putting  a  drop  of  water  upon  the  brafs  rod  communicating  with 
the  infide  of  the  battery,  I  made  the  difcharge  at  the  diflance  of 
two  inches,  the  fpot  was  juft  the  fame  as  if  it  had  been  received 
at  the  diftance  of  half  an  inch,  i.  e.  about  a  quarter  of  an  inch  in 

diameter.  # 

I  always  found  that  if  the  explofion  was  obliged  to  pais 

through  any  bad  condudor  before  it  reached  the  metal,  the  im- 

preffion  it  made  upon  it  was  contraded,  and  deeper  than  if  it  had 

been  received  immediately  by  the  metal.  This  was  evident 

when  paper,  a  piece  of  bladder,  or  varnifh  were  put  upon  the 
*  1  .  t  brafs 
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brafs  rods  with  which  the  difcharges  were  made  ;  though  a  very 
thin  coating  of  varnifh  or  moifture  did  not  intirely  prevent  the  ap¬ 
pearance  of  the  circles. 

In  making  a  courfe  of  experiments  with  bad  condu&ors, 
and  in  ufmg  various  methods  to  promote  the  difcharge  of  the 
battery  at  greater  diftances  than  ufual,  I  was  peculiarly  ftruck 
with  fome  phenomena  which  occurred  in  the  ufe  of  water. 

I  put  a  drop  of  water,  about  a  quarter  of  an  inch  in  diame¬ 
ter,  upon  the  brafs  rod  communicating  with  the  infide  of  the  bat¬ 
tery,  and  took  the  explofion  dire&ly  over  it.  The  difcharge  was 
made  at  the  diftance  of  about  an  inch,  and  the  extremity  of 
the  drop  was  marked  with  a  moft  beautiful  circle,  exceedingly 
well  defined  on  the  infide,  and  vanifhing  gradually  outwards, 
like  a  fine  fhade  in  drawing.  But  what  ftruck  me  moft  in  the  ap¬ 
pearance  was,  that,  in  this  circle,  there  was  no  central  fpot. 

Not  knowing  what  this  new  circumftance  was  owing  to,  I 
wetted  a  piece  of  fmooth  copper,  which  lay  upon  the  wires  of  the 
battery,  and  taking  the  explofion  upon  it,  I  only  found  a  long 
ftreak  at  the  edge  of  the  wetted  place,  well  defined  on  the  fide 
of  the  water,  but  vanifhing  gradually  on  the  oppofite  fide,  as 
in  the  former  cafe.  In  this,  and  other  fimilar  experiments,  I 
obferved  that  the  eledtric  matter  avoided  the  water,  and  would 
go  a  greater  way  in  the  air,  in  order  to  come  at  the  metal. 

I  then  laid  more  water  upon  the  copper,  but  fo  as  only  to 
moiften  it ;  for  the  furface,  being  convex,  would  not  allow  it 
to  lie  in  any  great  quantity  ;  and  upon  taking  the  explofion,  I 
found  no  circle,  but  feveral  beautiful  circular  fpots  melted  very 
deep,  one  of  which  was  much  larger  than  the  reft.  Thefe  ex¬ 
periments  feem  to  fhow,  that  the  electric  matter  meets  with  a 
confiderable  refiftance  in  pafiing  through  water,  which  confines 
its  excurfion  more  than  the  air;  and  that,  by  fuch  a  condenfa- 
tion,  its  force  is  greatly  increafed,  fo  as  to  leave  deeper  im- 

preftions 
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preflions  upon  the  metal  than  when  it  had  palled  only  through 
the  air ;  in  like  manner,  if  two  pieces  of  metal  be  placed, 
nearly  in  contact,  or  if  they  be  light,  and  one  of  them  lie  upon 
the  other,  the  impreflion  made  upon  both  of  them,  by  the  dis¬ 
charge  of  the  battery  palling  through  them,  will  be  conliderably 
deeper  than  it  would  have  been  if  the  electric  matter  had  not 
been  confined  to  fo  fmall  a  compafs  as  the  points  in  con¬ 
tact 

To  account  for  the  formation  of  thefe  concentric  circles,  nothing 
feems  to  be  necellary,  but  the  fuppofition  of  the  elaflicity  of 
the  eleCtric  fluid,  whereby  its  particles  repel  one  another.  For 
then,  fuppoling  a  quantity  of  eleCtric  matter  to  ilfue  from  one 
piece  of  metal  to  another,  through  the  air,  it  will  endeavour  to 
fpread,  but  will  be  confined  in  its  paffage  by  the  furrounding 
eleCtric  medium,  and  the  ftrong  attraction  of  the  oppolite  metal. 
If  this  piece  of  metal  have  a  flat  furface,  or  one  that  is  nearly 
fo,  the  fluid  will  be  attracted  by  it  pretty  equally,  within  a 
certain  fpace  ;  fo  that  the  mutual  repulfion  of  its  particles  will 
have  room  to  exert  itfelf,  and  produce  a  divifion  of  the  whole 
quantity;  and  as  this  repulfion  is  the  fame  in  all  directions, 
the  effeCt  muft  be  its  throwing  itfelf  into  a  circle,  or  feveral  con¬ 
centric  circles,  on  its  entering  the  oppofite  piece  of  metal,  and 
confequently  melting  it,  in  that  form.  For  the  fame  reafon  the 
circles  themfelves  will  confifl  of  feparate  dots,  each  of  which 
might  have  been  caufed  by  the  fluid  in  another  hollow  circle, 
but  being  fo  fmall,  the  fufion  of  the  metal  could  not  fhow  that 
circumftance. 

Of  the  circles  being  formed  in  this  manner,  I  have  been  in 
a  manner  an  eye  witnefs,  when  I  have  prefented  a  flat  piece  of 
metal  to  a  large  prime  conductor  flrongly  electrified,  and  have 
feen  the  large  fparks,  five  or  fix  inches  long,  divide  about  the 
middle,  and  ftrike  the  metal  in  a  circle,  about  an  inch  in  diame- 

4  I  2  ter; 
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ter  ;  generally  with  a  central  fpot,  but  fometimes  without 
one. 

The  manner  in  which  feveral  of  the  jars,  mentioned  in  a 
former  fedion,  were  broken  feems  to  be  analogous  to  the 
formation  of  thefe  circles.  I  mean  thofe  that  were  pierced  with 
a  number  of  fmall  holes  in  the  neighbourhood  of  the  prin¬ 
cipal  one  ;  but  more  efpecially  that  which  was  broken  with  an 
intire  circle  of  fmall  and  independent  fradures  round  the  prin¬ 
cipal  hole. 

The  remarkable  flory  of  the  five  peafants  of  whom  the  firft, 
third,  and  fifth  were  killed  by  lightning,  as  they  were  walking 
in  a  right  line;  and  which  was  mentioned  before,  as  analogous 
to  a  fad  obferved  by  Mr.  Monnier,  will  perhaps  be  thought 
more  analogous  to  this.  For  fuppofing  the  diameter  of  the 
concentric  circles  formed  by  lightning  to  be  lufficiently  great, 
and  the  central  fpot  to  fall  upon  the  third  perfon,  the  two 
on  each  fide  of  him  would  efcape,  by  being  in  the  firft  interval 
round  the  central  fpot  ;  while  the  two  who  walked  firft  and  laft 
would  fall  into  the  circumference  of  the  firft;  circle.  But  other 
fads  lead  me  to  think,  that  all  thefe  effeds  may  have  been 
produced  by  a  conftant  ftream  of  eledric  matter,  in  a  pro- 
grefiive  motion,  the  firft  part  of  which  being  difcharged  upon 
any  objed,  the  ftream  is  weakened  when  it  meets  with  the 
fecond,  but  is  accumulated  again  when  the  third  comes  in  its 
way,  and  fo  alternately,  as  long  as  the  ftream  and  the  line  of 
objeds  continues.  This  account  feems  to  be  rendered  more 
probable  by  the  number  of  objeds  that  have  been  ftruck  in 
this  manner,  particularly  in  a  cafe  which  is  related  by  Dr. 
Wallace  in  his  account  of  the  Orkney  iflands,  p.  78.  “  Jn 

41  the  year  1680,”  he  fays,  <c  the  lightning  entered  a  gentle- 
“  man’s  cow-ftall  where  were  twelve  cows  handing  fide  by 
4‘  fide,  as  they  ufed  to  be,  and  killed  every  other  one ;  that 

“  is, 
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«  is,  it  killed  the  firft,  and  miffed  the  fecond  ;  it  killed  the 
<c  third  and  miffed  the  fourth  ;  and  fo  of  the  reft,  fo  that  fix 
<c  were  killed,  and  fix  remained  alive  and  untouched.7’ 

Communicating  this  experiment  to  Dr.  Price,  he  fuggefted 
to  me,  that  the  circles  called  fairy-rings ,  which  confift  of  grais  of 
deeper  green  in  pafture  fields,  and  which  have  by  fame  been 
imagined  'to  be  occafioned  by  lightning,  might  be  analogous  to 
the  circles  above  mentioned,  but  that  they  want  a  central  fpot. 

I  have  fi nee  examined  one  of  thefe  rings.  It  was  about  a  yard 
in  diameter,  the  ring  itfelf  about  a  quarter  of  a  yaid  Road, 
and  equally  fo  in  the  whole  circumference;  but  theie  was  no 
appearance  of  any  thing  to  correfpond  to  the  cential  fpot. 

I  have  fince  met  with  a  curious  article  in  the  Philofophical 
Tranfadions,  relating  to  thofe  fairy  circles,  communicated  by 
Mr.  Jeffop,  which  confirms  the  fuppofition  of  their  being 
occafioned  by  lightning,  and  with  which  I  Ihall  therefote  con¬ 
clude  this  fedion. 

“  I  have  often  been  puzzled  to  give  an  account  of  thofe  pheno- 
“  mena,  which  are  commonly  called  fairy-circles.  I  have  feen 
“  many  of  them,  and  thofe  of  two  forts  ;  one  fort  bare,  of  feven 
“  or  eight  yards  diameter,  making  a  round  path  fomething  more 
“  than  a  foot  broad,  with  green  grafs  in  the  middle;  the  others  like 
“  them,  but  of  feveral  bigneffes,  and  encompafled  with  a  cir- 
<c  cumference  of  grafs,  about  the  fame  breadth,  much  Tiefhei 
“  and  greener  than  that  in  the  middle.  But  my  worthy  friend 
“  Mr.  Walker,  gave  me  full  fatisfadion  from  his  own  experience  ; 
a  it  was  his  chance  one  day,  to  walk  out  among  fome  mowing 
“  grafs  (in  which  he  had  been  but  a  little  while  before)  after  a 
«  great  ftorm  of  thunder  and  lightning;  which  feerned  by  the 
“  noife  and  fiafties  to  have  been  very  near  him :  lie  prefently  ob¬ 
it  ferved  a  round  circle,  of  about  four  or  five  yards  diamete  r,  the 

«  rim  whereof  was  about  a  foot  broad,  newly  burnt  bare,  as  the 

colour 
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“  colour  and  brittlenefs  of  the  grafs  roots  did  plainly  teftify.  He 
41  knew  not  what  to  afcribe  it  unto  but  to  the  lightning,  which, 
4 4  befides  the  odd  capricios  remarkable  in  that  fire  in  particular, 
44  might  without  any  wonder,  like  all  other  fires,  move  round, 
44  and  burn  more  in  the  extremities  than  the  middle.  After  the 
44  grafs  was  mowed,  the  next  year  it  came  up  more  frefh  and 
44  green  in  the  place  burnt,  than  in  the  middle,  and  at  mowing- 
44  time  was  much  taller  and  ranker 

*  Phil.  Tranf.  abridged,  Vol.  ii.  p.  iSz» 
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EXPERIMENTS  ON  THE  EFFECTS  OF  THE  ELECTRICAL  EX¬ 
PLOSION  DISCHARGED  THROUGH  A  BRASS  CHAIN,  AND 
OTHER  METALLIC  SUBSTANCES, 
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F"'  R  O  M  the  very  firfl:  ufe  of  my  battery,  I  had  obferved  a 
very  black fmoke  or  duft  to  arife  upon  every  difcharge,  even 
when  no  wire  was  melted,  and  the  brafs  chain  I  made  ufe  of  was 
of  a  confiderable  thicknefs.  Of  this  circumftance,  however, 
I  only  made  a  flight  memorandum,  as  what  I  could  not  then 
account  for,  and  paid  no  particular  attention  to  it ;  till  on  the 
13th  of  June  1766,  I  was  ftruck  with  another  cafual  appearance, 
as  I'was  intent  upon  the  experiments  relating  to  the  circles  above 
mentioned. 

I  observed,  that  a  piece  of  white  paper,  on  which  lay  the 
chain  I  was  ufing  to  make  the  difcharge,  was  marked  with  a 
black  Jlain ,  as  if  it  had  been  burnt,  wherever  the  links  had  touch¬ 
ed  it.  Yet  I  could  not  then  think  that  it  could  be  burnt  by  fo 
thick  a  chain.  I  imagined  the  chain  muft  have  been  dirty,  and 
the  dirt  have  been  fhaken  off  by  the  ftroke.  Still  however  I  ne¬ 
glected  the  experiment  till,  obferving  a  very  ftriking  appear¬ 
ance  of  the  fame  kind,  on  the  ill  of  September  following,  I  was 

deter- 
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determined  to  attend  to  the  circumftances  of  it  a  little  more  par* 
ticularly  than  I  had  done. 

I  MADE  my  chain  very  clean,  and  wrapping  it  in  white 
paper,  I  made  a  difcharge  of  about  forty  fquare  feet  through 
it,  and  found  the  ftain  wherever  it  had  touched  the  paper. 

Some  time  after,  I  wrapped  the  paper,  in  the  fame  manner, 
round  a  piece  of  brafs  wire ;  but,  making  a  difcharge  through, 
it,  faw  no  ftain.  Toafcertain  whether  this  appearance  depended 
upon  the  difcontinuity  of  the  metallic  circuit,  on  the  13th  of 
the  fame  month,  I  ftretched  the  chain  with  a  confiderable  weight 
and  found  the  paper,  on  wdiich  it  lay  as  the  fhock  palled  through, 
it,  hardly  marked  at  all. 

Finding  that  it  depended  upon  the  difcontinuity,  I  laid  the 
chain  upon  white  paper,  making  each  extremity  fall  with  pin& 
ftuck  through  the  links;  and  when  I  had  made,  the  difcharge,, 
obferved  that  the  black  ftains  were  oppofite  to  the  body  of  the  wire 
that  formed  the  chain,  and  not  to  the  intervals as  I  had  fome- 
times  fufpefted.. 

September  the  1 8th.  Obferving  that  a  pretty  confiderable 
quantity  of  black  matter  was  left  upon  the  paper,  on  every  dif¬ 
charge  with  the  fame  chain ;  I  imagined  it  muft  have  loft  weight 
by  the  operation;  and  to  afcertain  this  circumftance,  I  took 
another  chain  not  fo  thick  as  that  I  had  ufed  before.  It  was  five 
feet  four  inches  long,  and  weighed  exactly  one  ounce,  feventeen 
penny-weights,  four  grains.  After  the  difcharge,  I  found  it 
had  loft  exactly  half  a  grain  of  its  weight.  The  fhock  had  only 
pa(Ted  through  a  part  of  it,  the  reft  lying  on  a  heap.  I  then 
cfifcharged  the  fame  fhock  through  its  whole  length,  and  weighed 
it,  found  it  had  loft  juft  another  half  grain.  By  repeated  experi¬ 
ments  I  found,  afterwards,  that  the  fureft  way  to  ftrike  off  part 
of  its  weight,  was  to  make  the  fhock  pafs  through  a  fmall  part 

of 
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of  its  length,  and  that  when  a  confiderable  length  was  nfed  the 
event  was  uncertain. 

N.  B.  These  and  all  the  following  experiments,  except  where 
the  contrary  is  exprefled,  were  made  with  a  battery  of  thirty- 
two  fquare  feet ,  that  force  appearing  to  be  fufficient,  and  the 
charging  of  it  not  taking  up  much  time.  At  the  time  of  both 
the  above  mentioned  difcharges,  an  iron  wire  of  one  feventieth 
of  an  inch  in  diameter  was  made  red-hot,  but  was  not  melted. 

Observing  how  deep  a  ftain  was  made  by  the  links  of  a  thick 
brafs  chain,  I  had  the  curiofity  to  try  what  would  be  the  confe- 
quence  of  fending  a  fhock  through  a  piece  of  charcoal.  Accord¬ 
ingly  I  took  a  fmall  piece,  about  half  an  inch  in  length,  and  found 
that,  in  the  difcharge,  it  was  all  blown  to  dull.  The  pafte- 
board  on  which  it  lay  was  torn,  the  charcoal  being  forced  into  it, 
fo  that  the  impreffion  appeared  on  the  other  fide.  The  black- 
nefs  was  fpread  to  a  great  diftance,  and  the  tinge  every  where 
indelible. 

September  the  21ft.  In  making  the  mark  above  mentioned, 
on  part  of  the  fheet  of  paper,  on  which  I  had  written  an  ac¬ 
count  of  the  experiment  to  Dr.  Franklin,  I  happened  to  lay  the 
chain  fo  as  to  make  it  return  at  a  (harp  angle,  in  order  to  im- 
prefs  the  form  of  a  letter  on  the  paper;  and  obferved  that,  up¬ 
on  the  difcharge,  the  part  of  the  chain  that  had  been  doubled 
was  difplaced,  and  pulled  about  two  inches  towards  the  reft  of 
the  chain.  At  this  I  was  furprifed,  as  I  thought  it  lay  fo,  as  that 
it  could  not  Aide  by  its  own  weight.  Upon  this  I  repeated 
the  experiment  with  more  accuracy.  I  ftretched  the  whole 
chain  along  a  table,  laying  it  double  all  the  way,  and  making 
it  return  by  a  very  fharp  angle.  The  confequence  always  was, 
that  the  chain  was  fhortened  about  two  inches,  and  fome- 
times  more ;  as  if  a  fudden  pull  had  been  given  to  it  by  both 
the  ends. 

4  K 
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Considering  that  this  pull  muft  have  been  given  to  it  by  the 
feveral  links  fuddenly  repelling  one  another,,  at  the  inftant  o!  the 
explofion,  I  compared  the  links  with  the  black  marks  that  were 
made  by  them  upon  the  table,  and  found  that  each  link  had  been 
nulled  from  the  place  on  which  it  had  lain,  and  moil  of  all,  at 
the  greateft  diftance  from  the  place  of  the  explofion. 

Convinced  that  the  chain  had  been  fhortened  by  the  mutual 
repulfion  of  the  links,  I  endeavoured  to  meafure  with  exadneis 
how  much  the  fhortening  was,  in  a  given  length  of  chain.  To 
do  this,  I  meafured  two  feet  four  inches  of  the  chain,  as  it  lay 
upon  the  table,  in  one  ftraight  line,  without  any  return,  one 
end  being  fixed  and  the  other  moveable  ;  and  found  that, 
upon  difcharging  fixty-four  fquare  feet  through  it,  it  was  Ihort- 
ened  a  quarter  of  an  inch  in  its  whole  length.  I  had  contrived 
that  the  fuddennefs  of  the  motion  fhould  not  throw  one  part  of  the 
chain  upon  the  other. 

Suspecting  that  the  black  fmoke,  which  rofe  at  every  dif- 
charge,  might  come,  not  from  the  chain,  but  from  the  paper,  or 
the  table  on  which  it  lay,  and  which  was  probably  burnt  by 
the  contad  of  it,  I  let  the  chain  hang  freely  in  the  air  ;  but,  upon 
making  the  difcharge,  I  obferved  the  fame  black  grofs  fmoke  that 
had  before  rifen  from  the  paper  or  the  table.  It  was  therefore 
part  of  the  metal  itfelf,  which  had  been  converted  into  that  black 

duft. 

To  give  my  reader  a  better  idea  of  the  mark  made  upon 
white  paper  by  a  chain,  through  which  the  eledr.ic  fhock  is 
tranfmitted,  I  laid  a  chain  upon  the  original  drawing  of  Plate  I. 
for  the  engraver^  to  copy  as  exadly  as  he  could ;  and  he  has 
fucceeded  pretty  well.  The  breadth  of  the  fpots  are  about  the 
mean  thicknefs  of  the  wire  of  the  chain,  and  [#,  b~\  marks  the 
place  to  which  that  part  of  the  chain  which  was  returned  was 
thrown  back,  by  the  fudden  repulfion  of  the  links. 
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I  had  before  obferved  the  bleftric  fparks  betwixt  each  link 

/ 

to  be  moft:  intenfely  bright,  fo  as,  fometimes,  to  make  the 
whole  chain  appear  like  one  flame  in  the  dark ;  but  the  ap¬ 
pearance  of  the  chain  at  the  inftant  of  the  fhock,  as  it  hung 
freely  in  the  air,  was  exceeedingly  beautiful ;  the  fparks  being 
the  largeft  and  brighteft  at  the  bottom,  and  fmaller,  by  degrees, 
towards  the  top,  where  they  were  fcarcely  vifible ;  the  weight 
of  the  lower  links  having  brought  them  fo  much  nearer  to¬ 
gether. 

September  the  26th.  Being  ftill  in  fome  doubt  whether  the 
blacknefs  that  was  left  on  the  paper  came  from  the  burning  of 
the  paper,  or  fomething  that  was  thrown  from  the  chain  ;  I  once 
more  hung  the  chain  freely  in  air,  and  put  under  it,  but  fo  as 
not  to  touch  it,  a  piece  of  white  paper,  on  which  I  alfo  laid  a 
few  pieces  of  down,  to  obferve  whether  they  would  be  affeCted  by 
any  electrical  attraction  or  repulfion.  On  making  the  dil- 
charge,  the  down  was  all  difperfed,  and  the  paper  was  marked 
with  a  black  flain,  near  the  length  of  an  inch ;  which  was  the 
diflance  at  which  the  two  parts  of  the  chain  hung  from  one 
another,  a  little  above  the  paper.  Some  parts  of  the  flain 
were  deeper  than  others,  the  whole  mark  confifting  of  four 
different  fpots  of  a  deeper  black,  joined  by  fainter  breaks,  an- 
fwering  to  four  links  of  the  chain,  which  hung  nearly  parallel 
to  the  paper.  The  flain  could  not  be  wiped  off  with  a 
handkerchief,  though  it  was  not  fo  deep  as  when  the  chain 
had  touched  the  paper.  Thus  I  was  fatisfied,  that  a  confiderable 
part,  at  leaft,  of  the  blacknefs  had  come  from  the  chain. 

September  the  27th.  Willing  to  afcertain  more  exactly 
what  part  of  the  chain,  the  folid  links,  or  the  intervals,  was 
•moft  affe£ted  by  the  fhock;  I  dipped  it  in  water,  and  laying 
it  quite  wet  upon  a  piece  of  white  paper,  difcharged  a  fhock 
through  it.  Part  of  the  water  was  thrown  into  my  face,  being 
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fcattered  in  all  directions,  and  all  the  chain  left  inftantly  and 
perfectly  dry.  The  paper  was  very  much  ftained  for  the  fpace 
of  an  inch  broad,  wherever  the  chain  lay ;  not  equably,  but 
as  if  it  had  been  handled  with  dirty  fingers.  The  ftain  was  in¬ 
delible,  and  where  the  chain  was  returned,  a  hole  was  ftruck 
quite  through  the  paper. 

To  determine  whether  the  paper,  in  the  above  mentioned 
inftances,  had  really  been  burnt ,  as  well  as  Jlained,  I  laid  a  part 
of  the  chain,  at  the  time  of  the  laft  difcharge,  upon  three  half 
crowns ;  and  found  they  were  all  melted,  in  the  places  where 
the  chain  had  touched  them.  The  marks  made  by  the  fufion 
were  about  the  breadth  of  the  chain,  and  fo  deep  that  nothing  but 
a  tool  could  efface  them. 

To  determine,  if  polfible,  more  fenfibly  what  it  was  that 
made  the  black  tinge,  I  laid  the  chain  upon  my  hand,  when  I 
had  a  moderate  charge ;  and  it  was  marked  juft  like  the  paper. 
I  felt  a  kind  of  pricking  or  burning  at  the  inftant  of  the  explo- 
fion,  and  the  painful  fenfation  continued  a  fmall  fpace  of 
time. 

I  made  no  doubt  but  that  with  a  heat  that  melted  metals,  I 
could  eafily  contrive  to  fire  gunpowder;  but,  though  I  laid 
the  chain  upon  the  grains,  and  rammed  the  powder  about 
the  chain  put  through  a  quill,  I  could  not  fucceed..  In  the  firft 
cafe,  the  powder  was  difperfed  ;  and  in  the  fecond,  the  quill 
was  burft,  and  there  was  a  fmell,  as  after  an  explofion  of  gun¬ 
powder,  but  no  aCtual  firing  of  it. 

Hitherto  I  had  always  put  the  chain  in  contaCt  with  bodies 
that  were  conductors.  I  was  now  willing  to  try  what  would 
be  the  confequence  of  laying  it  in  contaCt  with  electrics.  Accord¬ 
ingly,  I  dipped  the  chain  in  melted  rofin,  till  it  had  got  a  coat¬ 
ing  of  a  confiderable  thicknefs.  When  it  was  quite  ftiff,  I  laidit 
carefully,  without  bending,  upon  white  paper,  and  made  the  dif¬ 
charge 
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charge  through  it.  The  rofin  was  inftantly  difperfed  from  all 
the  outfide  of  the  chain,  it  being  left  as  clean  as  if  none  had 
ever  been  put  on.  That  with  which  the  holes  in  the  chain  had 
been  filled,  having  been  impelled  in  almoft  all  directions,  was 
beaten  to  powder  ;  which,  however,  hung  together,  but  was 
perfectly  opaque ;  whereas  it  had  been  quite  tranfparent,  before 
this  ftroke.  I  felt  fome  of  the  rofin  fly  in  my  face.  The  ftain 
upon  the  paper  was  very  deep,  containing  a  good  deal  of 
rofin,  and  feveral  holes  were  ftruck  through  the  paper  on  which 
it  was  laid.  A  half  crown,  on  which  part  of  the  chain  had  lain, 
was  melted,  and  fo  deeply  ftained  with  the  rofin,  that  it  could  not 
eafily  be  cleaned. 

I  n  ext  laid  the  chain  upon  a  piece  of  glafs ;  and  confidering 
how  both  the  half  crown  and  the  rofin  had  been  affeCted,  ex¬ 
pected  it  wrould  have  been  broken  to  pieces ;  but  inftead  of  that, 
the  glafs  was  marked  in  the  molt  beautiful  manner,  wherever 
the  chain  had  touched  it ;  every  fpot  the  width  and  colour  of 
the  link.  The  metal  might  be  fcraped  off  the  glafs  at  the  out¬ 
fide  of  the  marks  ;  but  in  the  middle  part  it  was  forced  within 
the  pores  of  the  glafs ;  at  leaft  nothing  I  could  do  would  force  it 
off.  On  the  outfide  of  this  metallic  tinge  was  the  black  duft, 
which  was  eafily  wiped  off. 

I  have  fince  given  the  fame  tinge  to  glafs  with  a  filver  chain, 
and  fmall  pieces  of  other  metals  ;  but  could  not  do  it  with 
large  pieces.  They  were  melted  where  they  touched  one  another, 
but  the  glafs  was  not  tinged. 

October  the  7th.  I  had  the  curiofity  to  try,  whether  I  could 
not  give  a  tinge  to  glafs  with  quickfilver.  In  order  to  this,  I  laid 
fome  globules  in  a  right  line,  and  laid  a  thin  piece  of  glafs  upon 
them,  to  flatten  them,  and  bring  them  nearer  into  contaCt  with 
one  another.  Both  the  flips  of  glafs  were  fhattered  in  a  thou- 
fand  pieces,  and  difperfed  all  over  the  room,  feveral  of  them- 
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flying  in  my  face ;  though  no  part  of  the  quickfilver  could  be 
found,  except  what  adhered  to  fome  fragments  of  the  glafs,  to 
which  it  had  given  a  kind  of  uniform  whitenefs;  but  no  diftind 
globules  could  be  feen,  and  it  was  eafily  wiped  off,  fo  that  no 
part  of  it  was  fixed  in  the  glafs.  My  head  ached  all  the  re¬ 
mainder  of  the  day,  which  I  attributed  to  the  fumes  of  the 
mercury. 

September  the  28th.  Having  dipped  the  chain  in  water, 
and  found  it  inflantly  difperfed,  1  wifhed  to  fee  what  would  be 
the  effect  of  difcharging  a  fhock  through  a  chain  quite  covered 
with  water.  Accordingly,  little  imagining  the  confequence,  J  laid 
the  chain  upon  a  piece  of  white  paper,  in  the  bottom  of  a 
china  difh,  and  poured  in  water  juft  fufficient  to  cover  it.  Alfo, 
under  one  part  of  the  chain,  and  in  the  water,  I  put  a  half 
crown.  Upon  the  explofion,  the  water  was  blown  about  the 
room,  to  a  great  diflance,  the  half  crown  was  melted  in  two 
places,  the  difh  broken  into  many  pieces,  and  the  part  that  lay 
immediately  under  the  chain  into  very  fmall  fragments.  The 
paper  was  a  little  ftained,  and  the  water,  I  could  perceive,  had 
been  a  little  fouled  by  the  black  duft. 

Being  certain  that  the  difh  muff:  have  been  broken  by  the  con- 
cuflion  given  to  the  water  by  the  eledric  fpark  under  it,  in  the 
manner  in  which  Signior  Beccaria’s  tubes  were  broken  (though  I 
had  not  feen  his  work  at  that  time,  but  had  feen  the  experiment 
at  Mr.  Lane’s  *)  I  had  the  curiofity  to  try  what  would  be  the 
effed  of  making  a  difcharge  through  the  chain  hanging  freely  in 
water.  I  therefore  got  a  tin  veffel,  holding  a  quart,  and  letting  the 
chain  hang  three  inches  and  a  half  below  the  furface  of  the  water, 
made  the  difcharge.  The  eledric  fparks  appeared  intenfely  bright 
in  the  water,  all  along  the  chain  ;  fome  of  the  water  was  thrown 
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out,  and  the  veflfel  appeared  to  have  been  prefled  with  Tome  force 
upon  a  book,  which  I  had  put  under  it,  a  vifible  impreflfion  be¬ 
ing  made  upon  it.  The  veflel  muft  have  received  a  great  con- 
cuflion :  for  the  dufl  had  been  fhaken  from  the  bottom  upon  the 
book,  though  I  had  carried  the  veflel  up  and  down  the  room, 
without  perceiving  that  any  dufl  adhered  to  it. 

I  was  willing  to  repeat  this  experiment  with  fome  varia¬ 
tion  of  circumftances,  and  fattened  a  piece  of  fmall  filver  wire 
to  two  pieces  of  Arong  brafs  wire,  and  plunged  the  whole  art 
inch  or  two  under  the  furface  of  the  water.  Upon  the  dis¬ 
charge,  the  lilver  wire  was  melted,  at  lead  fnapped  afunder,  the 
veflel  had  been  prefled  downwards  more  violently  than  before,  a 
confiderable  quantity  of  the  water  was  thrown  about  the  table, 
and  fome  "was  dafhed  perpendicularly  upwards,  againft  the  top 
of  the  room ;  where  there  were  live  wet  places,  each  about  the 
bignefs  of  a  half  crown.  I  have  flnce  frequently  melted  wires 
under  water,  and  have  even  made  large  pieces  of  iron  wire  red-hot 
in  the  water. 

September  the  29th.  I  made  a  difcharge  through  three  pieces 
of  the  fame  chain,  each  being  a  different  circuit.  They  all  left 
their  impreflfion  upon  the  paper,  and  nearly  equal.  Alfo  three 
out  of  four  pieces  made  pretty  equal  marks,  but  the  fourth  failed 
intirely. 

At  another  time,  a  chain,  which  communicated  with  the  out- 
fide  of  the  battery,  but  which  made  no  part  of  the  circuit, 
made  the  black  ftain  on  a  piece  of  white  paper  on  which  it  acci¬ 
dentally  lay,  almott  as  deep  as  the  chain  that  formed  the  circuit. 
I  was  then  melting  a  piece  of  wire,  which  had  the  fame  effect  as 
ufing  a  bad  conductor.  The  fame  thing  has  frequently  hap¬ 
pened  flnce. 

November  the  12th.  I  put  a  chain  through  a  glafs  tube,  fo 
wide  as  that  it  could  only  touch  one  fide  j  and  upon  the  dif¬ 
charge. 
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charge,  obferved  four  fets  of  marks,  made  by  the  metal  being 
driven  into  the  glafs  ;  as  if  four  chains  had  been  in  the  tube,  and 
all  had  received  the  fhock.  Two  of  the  rows,  on  one  of  which 
I  imagine  the  chain  had  lain,  were  better  marked  than  the  other 
two,  but  all  were  very  plain. 

The  lafl  thing  that  engaged  my  attention  with  refpedt  to 
this  courfe  of  experiments,  was  that  black  dujl  which  I  have 
obferved  to  be  difeharged  from  the  brafs  chain,  and  other  pieces 
of  metal.  As  it  was  fo  extremely  light  as  to  rife  like  a  cloud  in 
the  air,  fo  as  fometimes  to  be  vifible  near  the  top  of  the  room  ; 
I  concluded  that  it  could  not  be  the  metal  itfelf,  but  probably  the 
calx,  or  the  calx  and  phlogijlon ,  in  another  kind  of  union  than 
that  which  conflitutes  a  metal ;  and  that  the  electric  explofion 
reduced  metals  to  their  conftituent  principles  as  effectually  as 
any  operation  by  fire  could  do  it,  and  in  much  lefs  time.  I 
was  confirmed  in  this  opinion  by  finding,  in  the  firft  place, 
that  this  black  dull:  collected  from  a  brafs  chain  would  not 
conduCt  electricity,  which  is  known  to  be  a  property  of  the 
calces  of  metals,  and  alfo  by  the  refult  of  fome  of  the  follow¬ 
ing  experiments. 

Considering  this  black  duft  as  a  proof  of  calcination,  and 
obferving  it  to  be  produced  when  I  made  the  explofions  for  the 
circular  fpots  between  gold  and  filver  watch-cafes,  as  was 
related  above  ;  I  began  to  think  I  had  made  a  "calcination  of 
thofe  metals,  which  all  the  chymifts  fay  is  impoffible  :  but  the 
following  experiments  convinced  me,  that  it  could  only  be  the 
alloy  that  was  in  them  which  had  yielded  the  black  dull  or 
calx. 

Sensible  that  my  experiments  with  thefe  metals  would  con¬ 
clude  nothing,  unlefs  I  got  the  fpecimens  quite  pure,  I  firft 
procured  a  fmall  quantity  of  grain  gold ,  which  I  was  informed 
was  the  pureft  that  the  goldfmiths  know,  and  difeharged  an 
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explofion  of  the  battery  through  a  train  of  the  pieces,  an  inch 
and  a  half  in  length,  laid  on  a  piece  of  white  paper.  Only  two 
of  the  larger  grains  could  be  found  after  the  explofion.  Two 
leaves  of  paper  were  burnt,  or  torn  through  in  feveral  places, 
and  more  would  probably  have  been  torn  in  the  fame  manner, 
if  I  had  ufed  more.  But  what  I  principally  attended  to  was 
the  tinge  that  was  given  to  the  paper,  with  a  view  to  which 
I  had  made  the  experiment.  The  paper  was  ftained  near 
an  inch  on  each  fide  of  the  train,  with  black  intermixed  with  red, 
making  an  odd  motley  appearance. 

With  the  fame  view,  I  laid  a  fimilar  train  of  bits  cut  with  a 
*  knife  from  a  piece  of  as  pure  filver  as  I  could  procure.  They 
were  difperfed,  and  the  paper  burnt  through,  in  the  fame  man¬ 
ner  as  with  the  gold  ;  and  the  fpace  of  about  an  inch  on  each 
fide  of  the  train  was  ftained  with  black  intermixed  with  a  deep 
yellow,  which  was  confiderably  different  from  the  tinge  made  by 
the  fufion  of  the  gold. 

The  blacknefs  in  thefe  tinges  convinced  me,  that  there  had 
been  a  calcination  of  fome  part  of  the  metal ;  but  I  was  convinced 
it  muft  have  been  fome  alloy,  by  an  experiment  I  prefently  after 
made  with  a  piece  of  leaf  gold ;  which,  I  believe,  is  generally 
the  pureft  that  can  be  got.  A  fmall  flip  of  this  I  put  through  a 
quill,  letting  a  part  hang  out  at  each  end  ;  and  when  I  had  made 
the  difcharge  through  it,  I  found  the  quill  tinged  with  a  beauti¬ 
ful  vermillion  red,  without  the  leaft  intermixture  of  black.  When 
I  difperfed  a  flip  of  leaf  brafs  in  the  fame  manner,  the  greater 
part  of  the  tinge  was  black,  with  a  little  brown  mixed  with  it  in 
a  few  places. 

In  order  to  afcertain  whether  the  black  duft  was  a  pure  calx, 
or  contained  a  portion  of  the  metal,  I  procured  a  fmall  quan¬ 
tity  of  it,  by  fending  an  explofion  through  l'ome  pieces  of  iron 
wire,  fometimes  put  into  a  quill,  fometimes  laid  upon  white 
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paper,  and  fometimes  upon  glafs,  or  inclofed  in  glafs  tubes  ;  but 
could  never  be  quite  fure  that  there  was  any  part  of  it  that  was 
not  affeded  with  the  magnet,  which  the  mere  calx  would  not 
have  been. 

Some  of  the  experiments  with  the  brafs  chain,  related  in 
this  fedion,  are  fnnilar  to  one  of  Mr.  Wilfon’s,  mentioned 
p.  96,  concerning  bodies  placed  without  the  electric  circuit 
being  affeded  with  the  explofion.  As  to  the  caufe  of  this,  and 
the  other  appearances  above  mentioned,  I  have  no  conjedure 
worth  communicating  to  the  public.  I  have  only  purfued  the 
analogy  of  fads,  and  that  not  very  far.  Others  may  compare 
them,  purfue  them  farther,  and  afcertain  their  caufes. 

Mr.  Canton  has  fince  clearly  proved  the  calcination  of  pure 
gold  and  filver  by  the  heat  of  eledrical  explofions,  producing  num- 
berlefs  moll  beautiful  globules  of  tranfparent  glafs,  and  alfo  others 
tinged  with  all  the  varieties  of  colour  from  thofe  metals.  He  has 
alfo  made  it  probable,  that  the  black  dujl  mentioned  in  this  fedion, 
is  the  calx,  or  glafs  of  the  metal,  reduced  to  fmaller  particles  than 
the  laws  of  optics  require  to  produce  colour. 
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Experiments  on  the  PASSAGE  OF  THE  ELECTRICAL 
EXPLOSION  OVER  THE  SURFACE  of  some  conduct- 

ING  SUBSTANCES,  WITHOUT  ENTERING  THEM. 


I  OBSERVED,  in  relating  the  experiments  on  ice,  that,  in  my 
attempts  to  afcertain  its  conducting  power,  I  fometimes  faw 
the  flalh  of  the  electrical  explofion  ftrike  direCtly  to  the  chain, 
along  the  furface  of  the  ice.  But  as  this  paflage  on  the  fur- 
face  was  produced .  only  by  a  common  jar,  it  was  not  much 
greater  than  the  diftance  at  which  the  difcharge  was  ufually 
made,  and  the  appearance  did  not  ftrike  me.  But  afterwards 
4he  fame  phenomenon  occurred  in  the  ufe  of  my  battery,  where 
the  paflage  over  the  furface  fo  far  exceeded  the  ufual  diftance  of 
a  common  difcharge,  that  it  engaged  my  attention  in  a  very 
particular  manner,  and  produced  fome  pleafing  experiments; 
which  I  ftiall  recite  in  the  manner,  and  nearly  in  the  order  in 
which  they  happened. 

December  the  1  ith.  Thinking  to  make  a  circular  fpot  on  a 
piece  of  raw  flefh,  I  took  a  leg  of  mutton,  and  laying  the  chain 
that  communicated  with  the  outfide  of  the  battery  over  the  (hank 
of  it  took  the  explofion  on  the  outward  membrane,  about  feven 
inches  from  the  chain ;  but  was  greatly  furprifed  to  obferve  the 
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eledric  fire  not  to  enter  the  flelh,  but  to  pafs,  in  a  body,  along  the 
furface  of  it,  to  come  to  the  chain. 

Thinking  that  this  effed  might  be  occafioned  by  the  fatty 
membrane  on  which  the  explofion  was  taken,  1  again  laid  the 
chain,  in  the  fame  manner,  over  the  fhank,  and  took  the  explo¬ 
fion  upon  the  fibres  of  the  mufcles,  where  they  had  been  cut  from 
the  reft  of  the  body  ;  but  ftill  the  fire  avoided  entering  the  flefh, 
made  a  circuit  of  near  an  inch  round  the  edge  of  the  joint, 
and  palled  along  the  furface,  to  come  to  the  chain  as  before* 
though  the  diftance  was  near  eleven  inches* 

Imagining  this  effed  was  promoted  by  the  chain  lying  light¬ 
ly  on  the  furface  of  the  flefh,  and  therefore  not  really  in  contad 
with  it ;  I  took  another  explofion,  when  the  hook  of  the  chain 
was  thruft  into  the  flefh on  which  the  fire  entered  the  mut¬ 
ton,  and,  as  I  held  it  in  my  hands,  both  my  arms  were  violently 
fhocked  up  to  my  fhoulders  ;  whereas,  in  the  cafes  of  the  eledric 
fire  palling  over  the  furface  of  the  flelh,  my  fingers,  happening 
to  touch  the  chain,  were  only  affeded  with  a  flight  pricking,  or 
fuperficial  burning,  which  has  been  explained  before. 

This  phenomenon  being  fo  remarkable,  and  the  battery  by 
this  means  difcharging  at  a  diftance  about  twenty  times  greater 
than  it  could  ufually  be  made  to  do,.  I  thought  to  try  other  fub- 
ftances,  of  a  conduding  power  fimilar  to  that  of  raw  flelh.; 
and  of  thefe,  'water  was  the  moft  obvious.  Accordingly,  the 
next  day,  I  laid  a  brafs  rod  communicating  with  the  outfide  of 
the  battery  very  near  the  furface  of  a  quantity  of  water  (to  rer 
femble  the  chain  lying  upon  the  furface  of  the.  flelh,  without  be?- 
ing  in  contad  with  it)  and,  by  means  of  another  rod  furnilhed: 
with  knobs,  made  a  difcharge  on  the  furface  of  the  water,  at  th 
diftance  of  feveral  inches  from  any  part  of  the  rod ;  when  the 
eledric  fire  llruck  down  to  the  water,  and,  without  entering  it, 
paflled  vifibly  over  its  furface,..  till  it  arrived  at  that  part  of  the  rod. 
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which  was  neareft  to  the  water,  and  the  explofion  was  exceed¬ 
ingly  loud.  If  the  diftance  at  which  I  made  the  difcharge  ex¬ 
ceeded  feven  or  eight  inches,  the  eledric  fire  entered  the  water, 
making  a  beautiful  liar  upon  its  furface,  and  yielding  a  very  dull 
found. 

The  refemblance  between  this  paflage  of  the  eledric  matter 
over  the  furface  of  the  water,  and  that  which  Dr.  Stukeley  fup- 
pofed  to  fweep  the  furface  of  the  earth,  when  confiderable  quan¬ 
tity  of  it  is  difcharged  to  the  clouds  during  an  earthquake, 
immediately  fuggefted  to  me,  that  the  water  over  which  it  pall¬ 
ed,  and  which  was  vifibly  thrown  into  a  tremulous  motion,  mult 
receive  a  concuflion,  refembling  that  which  is  given  to  the  waters 
of  the  fea  on  fuch  an  occafion. 

To  try  this,  myfelf,  and  other  perfons  who  were  prefent,  put 
our  hands  into  the  water,  at  the  time  that  the  electrical  flafh 
above  mentioned  palfed  over  its  furface;  and  we  felt  a fudden  con¬ 
cuflion  given  to  them,  exadly  like  that  which  is  fuppofed  to 
affed  Ihips  at  fea  during  an  earthquake.  This  percullion  was 
felt  in  various  parts  of  the  water,  but  was  ftrongeft  near  the  place 
where  the  explofion  was  made. 

Afterwards,  I  made  the  explofion  of  a  jar,  containing 
three  fquare  feet  of  coated  glafs,  at  fome  diftance  below  the 
furface  of  the  water,  fo  as  to  be  vifible  in  the  water,  and  we  felt 
the  fame  concuflion  that  we  had  done  before,  when  the  fire  of 
the  battery  palfed  over  the  furface,  only  much  weaker.  The 
flalh  of  eledric  fire  in  the  water  does  certainly  difplace  fome  of  it,, 
and  thereby  give  a  fudden  concuflion  to  the  reft ;  and  the  fimila- 
rity  of  the  effed  is  a  confiderable  evidence  of  a  limilarity  in 
the  caule. 

I  afterwards  made  the  fire  of  a  jar  pafs  through  the  water, 
making  a  fpace  of  about  a  foot  part  of  the  circuit ;  when,  put¬ 
ting  our  hands  in  its  paflage,  they  were  affeded,  but  in  a  very 
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different  manner  from  what  they  were  before  :  for  this  evi¬ 
dently  affeded  the  nerves  and  mufcles  of  the  hand  internally, 
and  occafioned  a  fmall  degree  of  the  fame  kind  of  convulfion  which 
is  felt  by  the  electric  Ihock  itfelf;  whereas  the  other  was  a 
mere  percuffion,  affeding  the  furface  of  the  hand.  Both  fenfa- 
tions  were,  indeed,  felt  moft  fenfibly  at  the  furface  of  the  water, 
though  our  hands  were,  in  fome  meafure,  affeded  by  both  as  low 
as  we  could  put  them. 

Being  willing  to  experience  what  kind  of  a  fenfation  this 
paffage  over  the  furface  would  occafion,  I  laid  a  chain  in  contad 
with  the  outfide  of  ajar  lightly  on  my  finger,  and  fometimes  kept 
it  at  a  fmall  diftance,  by  means  of  a  thin  piece  of  glafs ;  and, 
if  I  made  the  difcharge  at  the  diftance  of  about  three  inches,  the 
eledric  fire  was  vifible  on  the  furface  of  the  finger,  giving  it 
a  fudden  concuflion,  which  feemed  to  make  it  vibrate  to  the  very 
bone ;  and  when  it  happened  to  pafs  on  that  fide  of  the  finger 
which  was  oppofite  to  the  eye,  the  whole  feemed  perfedly  trans¬ 
parent  in  the  dark.  If  I  took  the  diftance  much  larger,  the  fire 
entered  the  finger,  occafioning  a  very  different  fenfation  from  the 
former.  The  one  was  like  a  blow,  but  of  a  very  peculiar  kind, 
whereas  the  other  is  well  known  to  be  a  convulfion. 

I  then  ventured  to  put  my  fingers  upon  a  piece  of  the  fpinal 
marrow  of  an  ox,  while  the  explofion  of  the  battery  was  pafling 
over  it,  when  I  felt  only  a  flight  pricking,  or  percuflion  on  each 
fide  of  my  finger;  and  the  fenfation  continued  for  fome  time. 
This  fenfation  did  not  extend  at  all  beyond  the  place  of  percuf¬ 
fion  ;  but  afterwards,  putting  two  of  my  fingers  on  the  fame 
piece  of  fpinal  marrow,  when  the  charge  of  the  battery  was  con- 
fiderably  ftronger,  I  received  a  concuflion  wdiich  affeded  my  whole 
hand,  but  it  was  with  a  kind  of  a  vibratory  motion. 

Pleased  with  this  refemblance  of  the  earthquake,  I  en¬ 
deavoured  to  imitate  that  great  natural  phenomenon  in  other 
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refpe&s;  and  it  being  frofty  weather,  I  took  a  plate  of  ice,  and 
placed  two  flicks,  about  three  inches  high,  on  their  ends,  fo  that 
they  would  juft  ftand  with  eafe;  and  upon  another  part  of  the  ice 
I  placed  a  bottle,  from  the  cork  of  which  was  fufpended  a  brafs 
ball  by  a  fine  thread.  Then,  making  the  ele&ric  flafh  pafs  over 
the  furface  of  the  ice,  which  it  did  with  a  very  loud  report,  the 
nearer  pillar  fell  down,  while  the  more  remote  flood  ;  and  the  ball, 
which  had  hung  nearly  ftill,  immediately  began  to  make  vibra¬ 
tions  about  an  inch  in  length,  and  nearly  in  a  right  line  from  the 
place  of  the  flafh. 

I  afterwards  diverfified  this  apparatus,  ere&ing  more  pillars, 
and  fufpending  more  pendulums,  &c.  fometimes  upon  bladders 
ftretched  on  the  mouth  of  open  veflels;  and  at  other  times,  on 
Wet  boards  fwimming  in  a  veflel  of  water.  This  i'aft  method 
feemed  to  anfwer  the  befl  of  any;  for  the  board  reprefenting  the 
earth,  and  the  water  the  fea,  the  phenomena  of  them  both 
during  an  earthquake  may  be  imitated  at  the  fame  time ;  pillars, 
&c.  being  ere&ed  upon  the  board,  and  the  de&ric  flafh  being  made 
to  pals  either  over  the  board,  over  the  water,  or  over  them  both. 
This  makes  a  very  fine  experiment. 

When  I  firft  made  this  experiment  of  the  ele&ric  flafh  pafling 
over  the  furface  of  water,  I  thought  it  neceflary,  that  neither  the 
piece  of  metal  communicating  with  the  outfide,  nor  that  com¬ 
municating  with  the  infide  of  the  jars  fhould  touch  the  water  im¬ 
mediately  before  the  difcharge.  But  I  afterwards  found,  that  the 
experiment  would  anfwer,  though  either,  or  even  both  of  them 
were  dipped  in  the  water  :  for  in  this  cafe  the  explofion  would 
ftill  prefer  the  furface  to  the  water  itfelf,  if  the  diftance  was  not 
very  great ;  and  would  even  pafs  at  a  greater  diftance  along  the 
furface,  when  there  was  a  nearer  pafiage  from  one  rod  to  the  other 
in  the  water. 

Just 
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Just  before  the  difcharge,  both  the  rods  wereobferved  to  at¬ 
tract  the  water  very  ftrongly.  It  was  thrown  upon  the  rod  com¬ 
municating  with  the  outfide  when  it  was  laid  near  half  an  inch 
above  the  furface.  When  I  put  a  drop  of  water  on  the  rod 
communicating  with  the  infide,  the  difcharge  was  made  at  the 
diftance  of  about  two  inches  from  the  furface  of  the  water,  the 
fire  firft  defending  perpendicularly,  and  then  palfing  along  the 
furface;  and  if  the  rod  communicating  with  the  outfide  had  a 
drop  of  water  upon  it,  it  might  be  placed  higher  over  the  water 
than  if  it  had  not.  At  the  time  of  the  explofion,  this  drop  was 
elongated,  and  promoted  the  difcharge  very  confiderably. 

My  attention  was  next  drawn  to  the  kind  of  impreffion  which 
was  made  upon  the  water  by  the  paffage  of  the  eledric  fluid  in 
this  manner.  To  afcertain  this,  I  firft  placed  a  fhilling  level  with 
the  water,  to  receive  the  explofion  before  it  pafled  along  the 
furface  ;  and  obferved  that  it  was  melted,  but  only  about  half 
as  much  as  I  imagined  it  would  have  been  in  the  common  way. 
There  was  no  regular  circular  fpot.  And  I  could  never  perceive 
that  the  brafs  rod  which  communicated  with  the  outfide  of  the  bat¬ 
tery  was  at  all  melted  by  the  explofion. 

Judging  from  the  concuflion  given  to  the  whole  body  of  the 
water  over  which  the  fhock  pafled,  I  thought  that  the  trace 
of  it  might  poflibly  be  preferved  on  the  furface  of  foft  pafte  ;  and 
accordingly  I  made  the  explofion  pafs  over  the  furface  of  fome, 
and  plainly  obferved,  that  the  part  under  the  paffage  was  depreff- 
ed  ;  the  eledric  matter  having  repelled  it.  The  impreffion  was 
not  deeper  where  the  explofion  firft  fell  than  in  any  other  part  of 
the  track. 

To  diftinguifti  more  accurately  between  the  effedof  the  eledric 
matter  when  it  probably  enters  the  water,  and  when  it  only 
pafies  over  the  furface,  I  fpread  a  little  water,  exceedingly  thin, 
upon  the  furface  of  a  fmooth  piece  of  flate ;  but,  though  the  ex- 
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plofion  paded  over  the  furface,  with  its  ufual  violence,  I  could 
mot  perceive  that  it  had  occafioned  the  lead;  degree  of  evapora¬ 
tion;  which  Signior  Beccaria  found  to  be  the  confequence  of  mak¬ 
ing  the  electrical  explofion  through  water  in  fuch  circumdances. 

When  the  explofion  palled  over  the  furface  of  the  plate  of 

ice,  in  the  experiment  of  the  earthquake  above  mentioned, 

. 

the  ice  feemed  to  be  melted,  both  where  the  chain  had  been 
laid,  and  alfo  along  the  track  over  which  the  explofion  had 
paded.  But  this  melting,  if  it  was  fuch,  was  not  uniform;  but 
looked  as  if  a  chain  with  fmall  links  had  been  laid  hot  upon 
it ;  and  the  impredion  was  not  at  all  deeper  where  the  explofion 
was  fird  received. 

When  the  explofion  paded  over  the  furface  of  a  green  leaf, 
the  leaf  was  rent  in  two  directions  ;  the  longer  in  the  track 
of  the  explofion,  and  the  other  at  right  angles  to  it. 

I  several  times  made  the  explofion  on  the  furface  of  fnow, 
when  it  always  difperfed  a  considerable  quantity  of  it,  making  a 
liole  near  two  inches  deep,  and  almod  as  broad  as  long ;  for  it 
could  not  be  made  to  pafs  at  a  greater  didance  than  about  three 
inches. 

I  was  not  a  little  furprifed  to  find  that  I  could  not  make 
this  eleCtrical  explofion  pafs  equally  over  the  furface  of  fubftances 
which  were  conductors  in  nearly  the  fame  degree ;  and  for  a 
long  time  imagined,  that  this  property  was  peculiar  to  water, 
or  to  bodies  that  conducted  by  means  of  the  water  they  con¬ 
tained.  I  could  never  make  it  pafs  the  furface  of  any  kind  of 
charcoal;  though  all  the  degrees  of  conducting  power  may  be 
found  in  different  pieces  of  it :  and  I  was  the  more  confirmed  in 
my  opinion,  by  observing,  that,  though  the  explofion  paded 
perfectly  well  over  the  furface  of  a  Smooth  board,  that  had  been 
juft  wetted,  and  immediately  wiped  as  clean  as  podible  ;  yet  two 
liours  after,  when  the  board  was  quite  dry,  it  would  not  pafs  at 
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all  in  the  fame  place.  It  alfo  patted  with  great  violence  over 
the  furface  of  a  bladder  which  had  been  moiftened  about  a  quar¬ 
ter  of  an  hour  before,  and  then  feemed  to  be  quite  dry  j  but 
would  not  pafs  in  the  leaft  degree  two  or  three  hours  after.  In 
the  former  cafe,  the  explofion  had  left  a  mark  where  it  had 
patted  over,  darker  than  the  reft  of  the  furface,  a  kind  of  polifti 
which  was  on  it  being  taken  off :  in  the  latter  cafe,  as  the  dry 
bladder  conducted  very  imperfedly,  the  fire  of  the  charge  fpread 
in  a  beautiful  manner,  covering  a  fpace  of  about  an  inch  in 
diameter. 

This  eleCtrical  explofion  would  not  pafs  in  the  leaft  degree, 
over  the  furface  of  new  glafs,  notwithftanding  its  property  of 
diffufion  above  mentioned  feemed  to  promife  that  it  might* 
Neither  would  it  pafs  at  all  over  the  furface  of  alum,  rock  fait, 
fal  ammoniac,  blue  or  green  vitriol,  or  a  piece  of  polifhed  agate ; 
though  thefe  are  all  conductors  of  a  middle  kind,  like  water  ^ 
and  feveral  of  them  had  very  fmooth  furfaces.  It  alfo  refufed 
the  furface  of  dry  wood,  and  dry  leather,  even  the  fmootheft  co¬ 
ver  of  a  book. 

But  I  found  that  I  had  concluded  too  foon,  that  this  paffage  of 
the  eleCtrical  explofion  was  peculiar  to  the  furface  of  water,  by 
finding,  firft,  that  it  patted  over  the  furface  of  a  touch-ftone,  and 
then  over  a  piece  of  the  beft  kind  of  iron  ore,  exceedingly  fmooth 
on  fome  of  its  fides.  This  piece  is  about  an  inch  thick,  and  about 
three  inches  in  its  other  dimenfions.  The  full  charge  of  a  jar 
of  three  fquare  feet  would  not  enter'  it.  It  was  diverting  to  ob- 
ferve  how  the  eleCtrical  explofion  would  make  a  circuit,  round 
its  angles,  when  it  was  made  in  a  place  remote  from  the  jar.  It 
looked  like  a  thing  invulnerable. 

This  eleCtrical  explofion  patted  over  the  furface  of  oil  of  vitriol 
with  a  dull  found,  and  a  red  colour,  which  was  the  only  appear¬ 
ance  of  the  kind  that  I  have  yet  met  with.  In  all  other  cafes, 
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if  it  patted  at  all,  it  was  in  a  bright  flame,  and  with  a  re¬ 
port  peculiarly  loud.  It  patted  over  the  furface  of  the  molt 
highly  re&ified  fpirit  of  wine  without  firing  it  j  but  when 
I  took  too  great  a  diftance,  the  eledric  fire  entered  the  fpirit,  and 
the  whole  plate  was  in  a  blaze  in  a  moment. 

I  once  fancied  that  the  fluidity  of  water  was  in  a  great  rnea- 
fure  the  caufe  of  this  phenomenon;  but  I  found  I  could  not 
make  it  pafs  over  the  furface  of  quickfilver  or  melted  lead; 
though  neither  of  the  rods  with  which  the  difcharge  was  made 
touched-  the  metals.  A  dark  impreflion  was  made  on  the  furfaces 
of  both  the  quickfilver  and  the  lead,  of  the  ufual  fize  of  the  cir¬ 
cular  fpot;  and  remained  very  vifible,  notwithftanding  the  flate 
of  fufion  in  which  the  metals  were. 

So  far  was  the  electrical  explofion  from  patting  over  the 
furface  of  any  metal,  that  I  obferved,  if  the  diftance  through 
the  air,  in  order  to  a  paflage  through  the  metal,  was  ever  fo 
little  nearer  than  the  diftance  along  the  furfaces,  it  never  failed 
to  enter  the  metal ;  fo  that  its  entering  the  furface  of  the  metal, 
and  its  coming  out  again  feemed  to  be  made  without  the  leaft  ob- 
ftruCtion.  If  as  much  water  was  laid  on  a  fmooth  piece  of  brafs 
as  could  lie  upon  it,  it  would  not  go  over  the  furface  of  the  wa¬ 
ter,  but  always  ftruck  through  the  water  into  the  metal.  But  if 
the  metal  lay  at  any  confiderable  depth  under  the  water,  it  would 
prefer  the  furface.  It  even  patted  over  three  or  four  inches  of 
the  furface  of  water  as  it  was  boiling  in  a  brafs  pot  over  the  fire, 
in  the  midft  of  the  fteam  and  the  bubbles,  which  feemed  to  be 
no  hindrance  to  it. 

Animal  fluids,  of  all  kinds  that  I  have  tried,  feemed  in  a 
peculiar  manner  to  favour  the  paflage  of  the  ele&rical  explofion 
over  their  furfaces,  and  the  report  of  thofe  explofions  was  mani- 
feftly  louder  than  when  water  was  ufed  in  the  experiment.  This 
I  remarked  more  particularly  when  I  made  ufe  of  milk,  the 
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white  and  yolk  of  an  egg,  both  frefla  broken,  and  after  it  had 
flood  a  day  or  two,  and  had  contracted  a  hard  pellicle.  In  all  - 
the  experiments  with  the  egg,  it  was  obferved,  that  no  pecuhai 
impreffion  was  made  in  the  place  where  the  electric  matter 
firft  came  upon  the  furface. 

It  was  very  remarkable,  that  the  report  made  by  all  thefe 
explofions,  in  which  the  electric  matter  paffed  over  the  furfaces, 
was  confiderably  louder  than  when  the  difcharge  was  made  be¬ 
tween  two  pieces  of  metal  ;  and  they  were  obferved  by  perfons 
at  fome  diftance  out  of  the  houfe,  and  in  a  neighbouring 
houfe,  very  much  to  refemble  the  fmart  cracking  of  a  whip; 
and  indeed  it  would  not  be  very  eafy  to  diftinguilh  them.  But  the 
found  made  by  thefe  explofions,  though  by  far  the  loudeft 
that  I  ever  beard  of  the  kind,  fell  much  ftiort  of  the  report  made 
By  a  Angle  jar,  of  no  very  great  fize,  of  Mr.  Rackftrow’s  ;> 
who  fays  that  it  was  as  loud  as  that  of  a  piftol. 

It  was  pretty  evident,  that  the  diftance  at  which  the  fire  paffed 
over  animal  fubftances  was  greater  than  it  could  be  made  on  the 
furface  of  water;  particularly  in  the  firft  experiment  of  the 
leg  of  mutton.  It  alfo  paffed  about  ten  inches  over  the 
furface  of  a  piece  of  fpinal  marrow  taken  from  an  ox. 

I  was  much  ftruck  with  a  beautiful  appearance  which  occurred 
in  the  courfe  of  thefe  experiments,  though  it  was  of  a  different 
nature  from  them.  When  the  ele&rical  explofion  does  not 
pafs  over  the  furface  ©f  water,  but  enters  the  fluid,  it  makes  a 
regular  ftar  upon  it,  confifting  of  ten  or  a  dozen  rays;  and,  what 
is  moft  remarkable,  thofe  rays  which  ftretch  towards  the  brafs 
rod  that  communicates  with  the  outfide  of  the  battery  are  always  - 
longer  than  the  reft ;  and  if  the  explofion  be  made  at  fuch  a  diftance, 
as  to  be  very  near  taking  the  furface,  thofe  rays  will  be  four  or 
five  times  longer  than  the  reft ;  and  a  line  bounding  the 
whole  appearance  will  be  a  beautiful  ellipfis,  one  of  whole  foci 
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is  perpendicularly  under  the  brafs  knob  with  which  the  difcharge 

is  made. 

* 

It  will  be  in  vain  to  attempt  thefe  experiments  without  a  con- 
fiderable  force.  Nothing  at  all,  to  any  purpofe,  can  be  done 
with  a  common  jar ;  fince  the  explofion  of  it  will  hardly  pafs 
over  the  furface  of  any  conductor  farther  than  it  will  difcharge 
through  the  air.  The  charge  of  a  jar  containing  three  fquare 
feet  of  coated  glafs  will  not  make  any  confiderable  appearance 
upon  the  water;  and,  as  far  as  I  can  judge,  the  diftance  at 
which  the  explofion  will  pafs  along  any  furface  is  in  propor¬ 
tion  to  the  ftrength  of  the  charge.  For  this  reafon  I  make 
no  doubt  but  that  I  could  have  performed  all  the  experiments 
above  mentioned  to  much  greater  advantage,  if  I  had  applied  a 
greater  force,  but  that  would  have  required  more  time,  and  a 
moderate  force  was  fufficient  to  afcertain  the  fads. 

N.  B.  In  thefe  experiments,  I  put  the  difcharging  rod  through1 
a  handle  of  baked  wood  ;  by  which  means,  I  could  vrith  fafety 
lay  one  end  of  it  upon  the  wires  of  the  battery,  and  make  the 
explofion  with  the  other,  on  what  fubhances  I  pteafed. 
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E  C  T  I  ON'  XII. 

Experiments  on  the  TOURMALIN. 


F^ATIGUED  with  the  inceflant  charging  of  the  electrical 
battery,  and  {tunned  with  the  frequent  report  of  its  ex- 
plof  on,  I  was  defirous  of  fome  refpite  from  thofe  labours,  and 
with  pleafure  took  up  the  gentle  and  filent  tourmalin. 
And  I  make  no  doubt  but  that  my  readers,  who  muft  have 
fympathized  with  me,  will  be  equally  pleafed  with  the 
change. 

It  was  in  the  month  of  Auguft  1766,  that,  being  in  Lon¬ 
don,  I  received  from  Dr.  Heberden,  who  is  glad  to  encourage 
every  attempt  in  philofophical  inquiries,  his  fet  of  tourmalins  ; 
among  which  was  that  fine  one  which  had  pafled  through  the 
hands  of  Mr.  Wilfon  and  Mr.  Canton,  and  of  which  a  defcrip- 
tion  is  given  in  the  fifty-firft  volume  of  the  Philofophical  Tranf- 
aCtions,  p.  316.  But  notwithftanding  I  had  this  valuable  ftone 
fo  long  in  my  pofleflion,  it  was  not  till  the  latter  end  of  Decem¬ 
ber  that  I  began  to  make  any  experiments  v^ith  it,  having, 
in  the  mean  time,  been  engaged  in  other  electrical  purfuits. 
At  length,  however,  having  brought  my  other  experiments 
to  the  ftate  in  which  the  reader  hath  feen  them,  I  was  defirous 
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of  being  an  eye  witnefs  of  the  wonderful  properties  of  this  flone, 
and  of  purfuing  a  few  hints  which  had  occurred  to  me  with  re- 
fped  to  it.  The  refult  of  my  experiments  I  fhall  lay  before  the 
leader,  after  having  informed  him  in  what  manner,  and  with 
what  precautions  they  were  made. 

.  1  he  methods  I  ufed  to  apply  heat  to  the  tourmalin  were  va¬ 
rious,  but  they  will  be  fufficiently  explained  in  the  particular  ex¬ 
periments.  To  afcertain  the  kind  of  eledricity,  I  always  had 
near  me  a  fiand  of  baked  wood,  from  the  top  of  which  projected 
various  arms  for  different  purpofes.  Three  of  them  were  of  glafs, 
to  two  of  which  were  fattened  threads  of  filk,  as  it  comes 
from  the  worm,  fupporting  light  pieces  of  down ;  from  the 
other  hung  a  fine  thread,  about  nine  or  ten  inches  long ;  while 
a  brafs  arm  fupported  a  pair  of  Mr.  Canton’s  pith  balls.  At  the 
other  extremity  of  this  arm,  which  was  pointed,  I  could  place  a 
charged  jar,  to  keep  the  balls  confiantly  and  equably  diverg¬ 
ing,  with  pofitive  or  negative  ele&ricity.  Sometimes  I  fufpended 
the  balls,  not  infulated,  within  the  influence  of  large  charged 
jars.  And  laftly,  I  had  always  at  hand  a  fine  thread  of  trial  not 
infulated,  and  hanging  freely,  to  obferve  whether  the  flone  was 
ele&rical  or  not  when  I  began  any  experiments,  and  fometimes 
to  meafure  the  ftiength  of  the  power  which  it  had  acquired. 

Before  I  began  any  experiments,  I  never  failed  to  try  how 
long  my  eledrometers  would  retain  eledricity,  and  in  what  de¬ 
gree.  If  the  thread  would  retain  the  virtue  for  a  few  minutes, 

I  generally  preferred  it,  when  I  wanted  to  communicate  the 
eleftncity  of  the  tourmalin,  becaufe  it  would  catch  it  in  a  mo¬ 
ment.  If  the  thread  would  not  retain  the  virtue  long  enough,  or 
if  I  wanted  a  lefs  variable  degree  of  electricity  than  the  thread 
could  retain,  I  had  recourfe  to  the  feathers ,  which  never  failed 
to  retain  the  virtue  that  was  communicated  to  them  for  feve- 
ral  hours  together.  I  have  often  found  them  pretty  ftrong- 
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ly  elearified,  after  remaining  untouched  a  whole  night,  though 
there  had  been  no  fire  in  the  room.  They  might  be  touched 
without  any  fenfible  lofs  of  their  electricity;  but  they  received 
the  virtue  very  flowly. 

The  reader  muft  obferve,  that  by  the  pofitive  or  negative  fide 
of  a  tourmalin,  in  the  following  experiments,  I  always  mean 
the  fide  which  is  pofitive  or  negative  while  the  ftone  is  cooling. 
Alfo,  when  I  mention  the  tourmalin  without  any  diftindtion,  I 
always  mean  Dr.  Heberden’s  large  one,  the  convex  fide  of  which 
is  pofitive  in  cooling,  and  the  flat  fide  negative. 

The  conlideration  of  Mr.  Wilcke’s  experiments  on  the  pro- 
duaion  of  fpontaneous  electricity,  by  melting  one  fubftance  with¬ 
in  another,  firft  made  me  conjeaure,  that  the  tourmalin  might 
collea  its  elearicity  from  the  neighbouring  air.  To  afcer- 
tain  this  circumftance  I  made  the  following  experiments,  which 
feem  to  prove  that  my  conjeaure  was  juft.  It  was  with  a  view 
to  this  experiment  that  1  firft  exprefled  a  defire  to  have  a  tour¬ 
malin  in  my  pofleflion.  I  afterwards  found  that  Mr.  Wilfon  had 
made  an  experiment,  mentioned  p.  296,  which  is,  in  part,  favour¬ 
able  to  this  hypothefis,  though  he  fuppofed  the  elearicity  to 
permeate  the  ftone,  fo  that  one  fide  might  have  been  fupplied 
from  the  other.  But  the  following  experiments  will  thow, 
that  the  fuppofition  of  the  permeability  of  the  tourmalin  to  the 
dearie  fluid  is  altogether  unneceflary  to  account  for  any  of  the 
appearances  it  exhibits. 

On  the  ftandard  bar  of  a  moft  excellent  pyrometer  made 
by  Mr.  Ellicott,  I  laid  a  part  of  a  pane  of  glafs,  and  upon  the 
glafs  Dr.  Heberden’s  large  tourmalin.  The  bar  was  heated  by 
a  fpirit  lamp  placed  underneath  it ;  and  I  treated  the  tourmalin 
in  this  manner,  to  afeertain  with  exa&nefs  when  the  heat  was 
increafing,  decreafing,  or  ftationary.  In  this  difpofltion  of  my 
apparatus  1  obferved,  that,  whenever  I  examined  the  tourmalin, 
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the  glafs  had  acquired  an  eledricity  oppofite  to  that  of  the  fide 
of  the  ftone  which  had  Iain  upon  it,  and  equally  ftrong.  If, 
for  inftance,  I  prefented  the  flat  fide  of  the  ftone  to  a  feather 
eledrified  pofitively,  as  the  heat  was  increafing,  it  would  repel 
it  at  the  diftance  of  about  two  inches,  and  the  glafs  would  attrad 
it  at  the  fame,  or  a  greater  diftance ;  and  when  the  heat  was  de- 
creafing,  the  ftone  would  attrad  it,  and  the  glafs  repel  it  at  the 
diftance  of  four  or  five  inches.  It  made  no  difference  which  fide 
of  the  glafs  I  prefented;  both  fides  attrading  or  repelling  the 
fame  feather  with  equal  ftrength.  When  I  faftened  a  fhilling 
with  fealing-wax  upon  the  glafs,  the  events  were  always  the 
fame.  The  eledricity  of  both  the  fhilling  and  the  glafs  was  ah* 
ways  oppofite  to  that  of  the  ftone.  I  was  furprifed  to  obferve  how 
foon  the  eledricity,  both  of  the  ftone  and  the  glafs,  would  change 
when  it  came  to  the  turn  ;  for  in  lefs  than  a  minute  I  have  fome- 
times  found  them  the  reverfe  of  what  they  were  before. 

There  was,  however,  in  the  cafes  in  which  I  laid  the  con¬ 
vex  fide  of  the  tourmalin  upon  the  flat  furface  of  the  glafs,  of 
fhilling,  one  exception  to  the  rule  above  mentioned,  viz.  that, 
in  cooling,  the  glafs  and  fhilling  were  pofitive,  as  well  as  the 
ftone.  This  I  imagined  to  be  owing  to  the  ftone  touching  the 
furface  on  which  it  lay  in  fo  few  points,  that  it  colleded  its  elec¬ 
tricity  from  the  air,  and  imparted  it  to  the  body  on  which  it  lay; 
and  this  fuppofition  was  confirmed  by  experiment.  For  getting 
a  mold  made  for  the  convex  fide  of  the  ftone  in  plaifter  of  Paris, 
and  heating  the  tourmalin  in  the  mold,  faftened  to  a  flip  of 
glafs,  I  always  found  the  mold  and  the  glafs  poflefled  of  the 
eledricity  contrary  to  that  of  the  ftone,  and  equally  ftrong. 
When  they  were  cooling,  the  mold  feemed  fometimes  to  be 
more  ftrongly  negative  than  the  ftone  was  pofitive;  for,  at  one 
time,  when  the  ftone  repelled  the  thread  at  the  diftance  of  about 
three  inches,  the  mold  attraded  it  at  the  diftance  of  near  fix. 
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Having  made  the  experiments  above  mentioned  with  the  tour¬ 
malin  placed  upon  glafs,  or  conducting  fubftances,  laid  upon  the 
glafs,  1  had  the  curiofity  to  try  what  would  be  the  confequence 
of  heating  and  cooling  the  ftone  in  contact  with  other  fubftances, 
both  eleCtrics  and  condudors.  And  thefe  experiments  brought 
me  gradually  to  the  difcovery  of  a  method  of  reverfing  all  the 
experiments  that  have  hitherto  been  made  upon  the  tourmalin, 
making  that  fide  which  is  pofitive  in  heating  or  cooling  to  be 
negative,  and  that  which  is  negative  to  be  pofitive ;  fo  that  the 
kind  of  ele&ricity  fhall  be  juft  what  the  operator  fhall  direCt,  by 
the  application  of  proper  fubftances  to  the  ftone. 

I  began  thefe  experiments  with  fubftituting  another  tourmalin 
inftead  of  the  piece  of  glafs  above  mentioned  ;  and  when  only 
one  of  the  tourmalins  was  heated,  they  were  both  affeCted  juft  as 
the  tourmalin  and  glafs  had  been.  If,  for  inftance,  the  nega¬ 
tive  fide  of  a  hot  tourmalin  was  laid  upon  the  negative  fide  of  a 
cold  one,  this  latter  became  pofitive,  as  a  piece  of  glafs  would  have 
been  in  the  fame  circumftances. 

When  I  heated  both  the  tourmalins,  though  they  were  faftened 
together  with  cement,  they  both  acquired  the  fame  power  that 
they  would  have  done  in  the  open  air.  In  thefe  cafes,  as  the 
ftones  could  not  be  made  to  touch  one  another  in  a  fuffici- 
ent  number  of  points,  nothing  could  be  concluded  from  the  ex¬ 
periments.  The  fame  objection  lay  againft  heating  or  cooling  the 
tourmalin  upon  rough  glafs;  when  1  always  found  them  both 
to  be  affeCted  as  they  would  have  been  if  the  glafs  had  been 
fmooth. 

This  confideration  made  me  think  of  cooling  the  tourmalin  in 
contaCt  with  Jealing-wax ,  which  might  be  made  to  fit  the  ftone  as 
exactly  as  poftible,  though  it  were  ever  fo  irregular.  According¬ 
ly  I  half  buried  the  negative  fide  of  a  tourmalin  in  hot  fealing- 
wax ;  and  when  it  was  cold,  turning  it  out  of  its  waxen  cell, 
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found  it  pofitive  (contrary  to  what  it  would  have  been  in  the 
open  air)  and  the  wax  negative.  The  other  fide  of  the  tour¬ 
malin,  which  was  expofed  to  the  open  air,  was  affeded  in  the 
fame  manner  as  it  would  have  been  if  the  oppofite  fide  had  been 
expofed  to  the  air  too,  fo  that  both  lides  were  pofitive  in  cooling. 
As  the  negative  fide  of  the  tourmalin  became  pofitive  by  cooling 
in  wax,  I  had  no  doubt  but  that  the  pofitive  fide  would  be  fo, 
as  I  actually  found  it. 

I  would  have  afcertained  the  flate  of  the  different  fides  of 
the  tourmalin  when  it  was  heating  in  wax,  but  I  found  it  ex¬ 
tremely  *  difficult  to  do  it  with  fufficient  certainty.  It  cannot 
be  known  exadly  when  the  ftone  begins  to  cool  in  thefe  circum- 
flances ;  befides,  in  this  method  of  treatment,  it  mud  rteceffarily 
be  fome  time  in  the  open  air  before  it  can  be  prefented  to  the 
ele&rometer;  and  the  eledricity  of  the  Tides  in  heating  is  by  no 
means  fo  remarkable  as  it  is  in  cooling.  In  the  attempts  I  did 
make  with  the  pofitive  fide  of  the  tourmalin  buried  in  wax,  I  ge¬ 
nerally  found  it  negative,  but  once  or  twice  it  feemed  to  be  po¬ 
fitive. 

When  I  cooled  the  tourmalin  in  quickjilver ,  contained  in  a 
china  cup,  it  always  came  out  pofitive,  and  left  the  quickfilver 
negative ;  but  this  effed  could  not  be  concluded  to  be  the  con- 
fequence  of  the  application  of  the  one  to  the  other,  becaufe  it  is 
almoft  impoffible  to  touch  quickfilver  with  the  tourmalin  without 
fome  degree  of  fridion ;  which  never  fails  to  make  both  fides 
llrongly  pofitive  though  it  be  quite  cold,  and  efpecially  if  the 
ftone  be  dipped  deep  into  it. 

It  then  occurred  to  me,  that  the  tourmalin  would  not  be  apt 
to  receive  any  fridion  from  fimple  preffure  againft  the  palm  of 
my  hand  ;  and  this  being  a  conduding  fubftance  communicating 
with  the  earth,  the  circumftances  of  the  experiment  would  be 
new,  and  might  poffibly  produce  new  appearances.  The  event 

4  N  2  more 


V 


EXPERIMENTS  ON 


Part  VIII. 


644 


more  than  anfwered  my  expe&ations  :  for  in  heating  or  cooling 
the  tourmalin  in  contact  with  the  palm  of  my  hand,  each  fide 
of  the  hone  was  affe&ed  exa&ly  in  a  manner  contrary  to  what 
it  would  have  been  if  expofed  to  the  open  air.  In  this  cafe, 
though  the  pofitive  appearances  may  be  fufpe&ed  to  be  ambiguous, 
on  account  of  the  difficulty  of  avoiding  fome  fmall  degree  of  fric¬ 
tion,  in  removing  the  ftone  from  the  hand ;  yet  the  negative  ap¬ 
pearances  are,  by  that  very  circumftance,  rendered  the  more 
indifputable,  and  therefore  remove  the  obje&ion  from  the  pofi¬ 
tive  ones.  For  the  greater  fatisfa&ion  of  my  reader,  I  ffiall  re¬ 
late  thefe  experiments  exadly  as  they  were  made. 

I  fastened  the  convex  fide  of  Dr.  Heberden’s  large  tourmalin^ 
to  the  end  of  a  flick  of  fealing  wax,  and  when  it  was  quite  cold, 
I  preffed  the  flat  fide  of  it  pretty  hard  againft  the  foftefl  part  of 
the  palm  of  my  hand.  Immediately  upon  this,  prefenting  it  to 
an  eledrified  feather,  it  appeared  to  be  ftrongly  negative,  con¬ 
trary  to  what  it  would  have  been  if  expofed  to  the  open  air  j 
and  it  continued  negative  till  it  had  acquired  all  the  heat  it 
could  get  from  my  hand,  when  its  power  decreafed,  though  it 
was  fenfibly  negative  to  the  laft.  Perceiving  no  alteration,  I 
let  the  ftone  cool  in  the  open  air;  when,  according  to  Mr- 
Canton’s  rule,  it  grew  more  ftrongly  negative,  till  it  was  quite 
cold.  Thus  the  fame  fide  of  the  ftone  was  made  negative  both  im 
heating  and  cooling. 

Heating  the  fame  flat  fide,  by  holding  it  near  a  red-hot 
poker,  and  then  juft  touching  it  with  the  palm  of  my  hand 
(when  I  could  not  bear  it  to  reft  a  moment)  it  became  pofitive. 
Letting  it  cool  in  the  air,  it  was  negative,  and  touching  it 
again  with  my  hand  it  became  pofitive.  Thus  I  made  the  fame 
fide  of  the  ftone  alternately  pofitive  and  negative  for  a  confider- 
able  time;  and  at  length,  when  I  could  bear  to  keep  it  upon  my 
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hand,  it  acquired  a  ftrong  pofitive  eledricity,  which  continued 
till  it  was  brought  to  the  heat  of  my  hand. 

To  complete  thefe  experiments,  I  removed  the  wax  from  the 
convex  fide,  and  fattened  it  to  the  flat  fide  of  the  flone.  Then 
warming  the  convex  fide,  by  prefling  it  againft  the  palm  of  my 
hand,  it  became  pretty  ftrongly  pofitive,  contrary  to  what  it 
would  have  been  if  heated  in  the  open  air,  and  continued  pofitive 
in  a  fmall  degree  after  it  had  got  all  the  heat  it  could  from  my 
hand.  Letting  it  cool  in  the  open  air,  it  grew,  according  to 
Mr.  Canton  s  rule,  more  ftrongly  pofitive,  and  continued  fo  till 
it  was  quite  cold.  Thus  the  fame  fide  of  the  ftone  was  made  po¬ 
fitive  both  in  heating  and  cooling. 

I  THEN  heated  the  convex  fide,  by  holding  it  near  a  red-hot 
poker,  and  prefling  it  againft  the  palm  of  my  hand,  as  foon 
as  1  could  bear  it,  it  became  (contrary  to  what  it  would  have 
been  in  the  open  air)  pretty  ftrongly  negative  ;  though  it 
be  extremely  difficult  to  get  a  negative  appearance  from  this  fide. 
It  cannot  always  be  catched  when  it  is  heating  in  the  open  air.. 
Care,  however,  muft  be  taken,  left  a  flight  attraction  of  the 
ekarified  feather,  by  a  body  not  ekarified,  be  miftaken  for 
negative  ekaricity. 

Having  made  the  above  mentioned  experiments,  to  fee  how 
the  tourmalin  would  be  affeaed  by  being  heated  or  cooled  in 
contaa  with  various  fubftances,  to  which  ’bnly  one  of  its  fides 
was  expofed  at  once ;  I  made  others  in  which  the  ftone  was 
entirely  furrounded  by  them.  It  appeared  very  evident,  from 
Mr.  Canton’s  experiment,  that  it  could  anfwer  no  purpofe  to 
inclofe  it  in  fubftances  that  were  conduaors :  for  though  the 
two  ekaricities  fhould  be  generated,,  the  equilibrium  would 
inftantly  be  reftored  betwee©  them..  I  therefore  made  ufe  of 
ekaric  fubftances  only,  and  began  with  oil  and  tallow,  both 
covering  the  tourmalin  with  them  when  it  was  hot,  and  alfo* 
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heating  it  in  boiling  oil.  But  this  treatment  produced  no  new 
appearance,  the  eledricity  of  the  ftone  being  only  a  little  leflened. 
The  event  was  the  fame  when  a  tourmalin  was  covered  with  ce¬ 
ment  made  of  bees  wax  and  turpentine. 

At  laft  I  made  a  fmall  tourmalin  very  hot,  and  dropping 
melted  fealing-wax  upon  it,  covered  the  ftone  all  over,  to  the 
thicknefs  of  about  a  crown  piece ;  and  found  it  to  ad  near¬ 
ly,  if  not  quite  as  well  through  this  coating  of  wax,  as  if  it  had, 
been  expofed  to  the  open  air.  I  take  it  for  granted,  that  the  in- 
fide  of  the  cafe  of  wax  next  to  the  ftone  was  poflefled  of  the 
eledricity  oppofite  to  that  of  the  ftone,  at  the  fame  time  that 
the  outfide  was  the  fame  with  it.  A  pretty  deception  may  be 
made  by  means  of  this  experiment ;  for  if  a  tourmalin  be 
concealed  in  a  ftick  of  fealing-wax,  the  wax  will  feem  to  have 
acquired  the  properties  of  the  tourmalin. 

Heating  the  ftone,  or  letting  it  cool  in  vacuo  might  ealily 
be  imagined  to  have  the  fame  effed  as  heating  or  cooling  it  in 
conLad  with  conduding  fubftances  ;  I  had  the  curiofity,  however, 
to  try  the  experiment,  by  letting  it  cool  in  an  exhaufted 
receiver,  in  which  I  had  a  contrivance  to  bring  a  thread  of  trial 
near  it,  or  withdraw  it  at  pleafure.  The  ftone  was  let  upright  on 
its  edge,  by  means  of  bits  of  glafs  which  it  touched  but  in  a  few 
points.  The  confequence  was,  that  the  virtue  of  the  ftone  feem- 
ed  to  be  diminifhed  about  one  half ;  owing,  perhaps,  to  the 
vacuum  not  being  fufliciently  perfed.  For  the  fame  reafon, 
the  tourmalin  has  but  little  virtue  immediately  upon  being 
taken  out  of  boiling  water,  or  after  being  heated  in  llame. 

One  time  I  fixed  a  thin  piece  of  glafs,  with  a  fmall  coating 
upon  it,  oppofite  and  parallel  to  the  flat  fide  of  the  tour¬ 
malin,  and  at  about  a  quarter  of  an  inch  diftance  from  it,  in  an 
exhaufted  receiver  ;  to  obferve  whether  the  eledricity  would 
be  tranfmitted  from  the  glafs  to  the  ftone  through  the  vacuum:. 

but 
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but  though  the  glafs  was  eledrified,  it  was  fo  flightly,  that  I  could 
not  be  certain  of  what  kind  it  was. 

In  order  to  afcertain  the  circumftances  relating  to  the  change 
of  the  eledricity  of  the  tourmalin  with  more  exadnefs  than 
could  be  done  by  heating  and  cooling  the  hone  in  any  of  the 
ufual  methods,  I  laid  it  upon  the  ftandard  bar  of  the  pyrometer, 
and  communicated  heat  to  it  by  a  fpirit  lamp  placed  underneath 
it.  The  refult  of  thefe  experiments  was  in  general  agreeable 
to  Mr.  Canton’s  rules;  but  a  few  circumftances  occurred  in  this 
method  of  treating  it,  which  could  not  be  determined  in  any 
other ;  and  therefore  it  may  be  worth  while  juft  to  mention  them. 
I  generally  heated  the  bar,  which  is  of  iron,  eight  inches 
long,  till  the  index  moved  feventy  degrees;  each  of  which 
correfponds  to  one  7200th  part  of  an  inch  ;  and  obferved, 
that  which  ever  fide  of  the  ftone  lay  uppermoft,  it  was  extreme¬ 
ly  difficult  to  afcertain  the  nature  of  its  eledricity  all  the  time 
the  heat  was  increaling;  though,  in  order  to  do  it,  I  held 
over  it  an  electrified  thread,  about  two  inches  in  length,  fattened 
to  a  ftick  of  fealing-wax,  which  juft  fupported  it  in  an  horizon¬ 
tal  fituation.  It  was  evident,  however,  that  it  was  eledrified, 
by  its  attrading  a  thread  of  trial  at  the  diftance  of  about  a  quar¬ 
ter  of  an  inch  ;  but  if  I  took  the  ftone  off  the  bar,  and  imme¬ 
diately  prefented  the  fide  that  had  lain  upon  it  to  an  eledrified 
thread  or  feather,  I  always  perceived  the  convex  fide  to  be  nega¬ 
tive,  and  the  flat  fide  pofitive  in  the  fame  circumftances  ;  but 

*  r  - 

not  half  fo  much  as  they  were  in  the  contrary  ftate  by  cooling. 
In  this  cafe,  the  two  powers  were  very  diftinguifhable  by  the 
fmall  thread  above  mentioned,  as  the  ftone  lay  upon  the 
bar;  and  alfo  by  bits  of  down  faftened  to  filk  threads.  One  of 
thefe,  which  had  touched  the  convex  fide  of  the  ftone,  as  it 
lay  uppermoft  upon  the  bar,  could  not  be  made  to  touch  it  again 
in  lefs  then  five  hours  and  a  half. 
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To  fee  what  would  be  the  effed  of  keeping  the  tourmalin  in 
the  very  fame  degree  of  heat  a  confiderable  time  together,  I  laid 
it  upon  the  middle  part  of  the  bar,  heated  by  two  fpirit  lamps, 
one  at  each  extremity,  and  making  the  index  move  forty-five 
degrees,  I  kept  it  in  the  fame  degree  of  heat,  without  the  leaf! 
fenfible  variation,  for  above  half  an  hour  together  ;  and  obferved, 
that  the  upper  fide,  which  was  the  convex  one,  was  always  elec¬ 
trified  to  a  fmall  degree,  attrading  a  fine  thread  at  the  diftance 
of  about  a  quarter  of  an  inch.  If  in  that  time  I  took  it  off  the 
bar  ever  fo  quick,  and  prefented  it  to  an  eledrified  feather ;  the 
flat  fide,  which  lay  upon  the  bar,  was  negative,  and  the  upper 
fide  very  (lightly  pofitive ;  as  appeared  by  its  only  not  attrading 
the  feather.  When  I  put  a  piece  of  glafs  betwixt  the  ftandard 
bar  and  the  tourmalin,  and  kept  them  likewife  in  the  fame 
degree  of  heat,  for  the  fame  fpace  of  time,  the  refult  was  the  fame 
as  before,  and  the  glafs  was  (lightly  eledrified,  in  a  kind  oppofite 
to  that  of  the  (lone. 

In  heating  the  tourmalin  upon  the  pyrometer,  one  of  its  fides 
was  neceflarily  made  much  hotter  than  the  other.  This  incon¬ 
venience  I  avoided  in  the  following  method  of  treatment, 
which,  though  not  fo  accurate  in  fome  refpeds,  has  peculiar 
advantages  in  others.  By  means  of  two  rough  places  in  the  done, 
I  tied  it  in  a  (ilk  thread,  which  only  touched  the  extreme  edge 
of  it  on  both  fides.  Being  in  this  manner  perfedly  infulated, 
I  contrived  to  make  it  hang  in  the  air,  at  any  diftance  from  a 
fire,  or  candle,  &c.  and  by  twilling  the  firing,  I  could  make 
it  prefent  both  its  fides  alternately,  fo  as  to  heat  it  very 
equally. 

When,  in  this  manner,  I  had  made  it  fo  hot,  that  I  could 
hardly  bear  to  handle  it,  I  let  it  remain  in  the  fame  fituation  a 
quarter  of  an  hour,  in  order  to  be  fure  that  it  was  heated  equally 
throughout.  Then,  with  a  bundle  of  fine  thread,  held  fome  time 

before 
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before  in  the  fame  degree  of  heat,  I  took  off  the  eledricity  which 
the  hone  had  acquired  in  heating,  and  continuing  it  in  the  fame 
Situation,  I  found  it  acquired  extremely  little,  if  any  ele&ricity. 
Sometimes,  when  I  thought  it  had  acquired  a  little  (which  might 
be  occafioned  by  the  variation  of  heat  in  the  fire)  it  was  fo  fmall, 
that  I  could  not  determine  of  what  kind  it  was.  This  fully 
fatisfied  me  of  the  juftnefs  of  Mr.  Canton’s  obfervation  that 
it  is  not  heat,  but  the  circumftance  of  changing  its  degree  of 
heat  that  gives  eledricity  to  this  ftone. 

If  the  hone  be  heated  pretty  fuddenly,  I  have  fometimes 
found  that  it  may  be  handled,  and  preffed  with  the  fingers 
feveral  times  before  the  ele&ricity  it  acquires  in  heating  will 

be  changed,  though  it  begins  to  cool  the  moment  it  is  removed 
from  the  fire. 

In  this  fame  method  of  treatment,  I  verified  Mr.  Canton’s  ob¬ 
fervation,  that  when  the  tourmalin  is  heated,  and  fuffered  to 
cool  again,  without  either  of  its  fides  being  touched,  the  fame 
fide  will  be  pofitive  or  negative  the  whole  time  of  the  increafe  and 
decieafe  of  the  heat.  But,  as  he  obferves,  in  his  experiments 
on  hot  air,  the  ftone  muft,  in  this  cafe,  be  heated  only  to  a  fmall 
degree.  I  alfo  proved  the  converfe  of  this  propofition  ;  for,  be¬ 
ginning  where  I  left  the  ftone  in  the  laft  experiment,  and  re¬ 
moving  it  farther  from  the  fire,  both  fides  acquired  a  ftrong  elec¬ 
tricity,  as  ufual ;  and  bringing  it  again  nearer  to  the  fire,  I  ob- 
ferved  that  both  the  tides  not  only  retained  the  electricity  they 
had  acquired  in  cooling,  all  the  time  it  was  heating,  but  a  con- 
fidei  able  time  a^ter  it  had  remained  in  the  fame  degree  of  heat 
I  cannot,  however,  entirely  acquiefce  in  the  reafon  that  Mr. 
Canton  gives  for  this  appearance  :  for  if  the  furrounding  air 
would  conduCf  the  eleCtric  fluid  from  the  pofitive  fide  of  the 
ftone  to  the  negative,  I  fhould^think  it  would  be  in  the  fame 
filiation  as  in  the  experiment  Mr.  Canton  made  upon  it  fur- 
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rounded  with  water,  and  that  neither  fide  would  difcover  any 
eledricity  at  all.  When  the  heat  is  three  or  four  times  greater 
than  is  fufficient  to  change  the  eledricity  of  the  two  fides,  the 
virtue  of  the  hone  is  the  ftrongeft,  and  appears  to  be  fo  when 
it  is  tried  in  the  very  neighbourhood  of  the  fire.  In  the  very 
center  of  the  fire,  the  fione  never  fails  to  cover  itfelf  with  afhes, 
attraded  to  it  from  all  fides,  and  from  this  property  it  acquir¬ 
ed  its  name  in  Dutch. 

It  requires,  indeed,  fome  time  for  the  eledricity  of  the 
fides  to  change  from  one  ftate  to  the  other;  and  therefore  the 
time  of  the  fenfible  change  is  not  always  at  the  time  of  its  be¬ 
ginning  to  cool,  but  tliefe  two  circumftances  will  be  brought 
nearer  together  the  hotter  the  fione  is  made,  becaufe  then  the 
efforts  (of  whatever  kind  they  are)  to  acquire  any  particular  fpecies 
of  eledricity  will  be  the  moft  vigorous,  and  fooner  produce  their 
effed;  fo  as  to  be  more  able  to  overcome  obftacles  to  it,  fuch 
as  mull  arife  from  the  contrary  eledricity  with  which  the 
fione  is  poffeffed.  Thus,  if  either  fide  of  the  fione  be  in 
a  ftate  to  acquire  either  kind  of  eledricity,  and  a  quantity  of 
the  contrary  eledricity  be  communicated  to  it  by  fridion  or 
ab  extra ,  that  foreign  eledricity  will  be  either  only  weaken¬ 
ed,  or  loft,  or  changed  ;  and  thefe  in  a  longer  or  a  fhorter  fpace 
of  time,  according  to  the  vigour,  as  we  may  fay,  with  which 
the  fione  is  made  to  exert  itfelf  to  counterad  that  influence. 
But  I  have  great  reafon  to  fufped  my  own  opinion,  when 
it  is  different  from  that  of  fo  accurate  and  excellent  a  judge 
of  this  fubjed  as  Mr.  Canton. 

It  is  a  fad,  however,  that  the  fione  often  changes  its  eledri¬ 
city  very  fiowly ;  and  the  eledricity  it  acquires  in  cooling  never 
fails  to  remain  many  hours  upon  it,  with  very  little  diminu¬ 
tion.  It  is  even  poflible  that,  in  fome  cafes,  the  eledricity  ac¬ 
quired  by  heating  may  be  fo  ftrong,  as  to  overpower  that 
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which  is  acquired  by  cooling ;  fo  that  both  Tides  may  fliow  the 
fame  power  in  the  whole  operation.  And  1  am  very  certain  that, 
in  my  hands,  both  the  Tides  of  Dr.  Heberden’s  large  tourma¬ 
lin  have  frequently  been  pofitive  for  feveral  hours  together,  with¬ 
out  any  appearance  of  either  of  them  having  been  negative  at 
all.  Perhaps  the  flat  Tide  of  this  ftone,  which  is  pofitive 
in  heating,  might  continue  fo  according  to  Mr.  Canton’s  ob- 
fervation,  and  the  electricity  of  the  convex  Tide  might  have 
changed,  as  it  very  often  does,  too  Toon  for  me  to  obferve  it. 
This  faCt,  however,  has  happened  To  often  with  me,  and  is  fo  very 
remarkable,  that  I  think  I  ought  not  to  omit  the  mention  of  it,  let 
the  caufe  be  what  it  will. 

This  appearance  happened  To  conftantly  when  I  firft  began  to 
make  experiments  with  the  tourmalin,  that  I  had  concluded  the 
Due  de  Noya  had  reafon  to  aflert,  contrary  to  fEpinus,  that  both 
fldes  of  the  tourmalin  in  all  cafes  acquired  pofitive  electricity  ; 
and  I  fhould  have  acquiefced  in  that  opinion,  had  it  not  been 
for  the  friendly  remonftrances  of  Dr.  Franklin  and  Mr.  Can¬ 
ton  ;  in  confequence  of  which  I  renewed  my  experiments,  and 
at  length  found  other  appearances.  At  the  time  above  men¬ 
tioned,  I  generally  heated  the  tourmalin  by  prefenting  each  Tide 
alternately  to  a  red-hot  poker,  or  a  piece  of  hot  glafs  held  at 
the  diftance  of  about  half  an  inch;  and  fometimes  I  held  it 
in  the  focus  of  a  burning  mirror  ;  but  I  have  Tince  found  the 
fame  appearance  when  1  have  heated  it  in  the  middle  of  an  iron 
hoop  made  red-hot.  The  ftone,  in  all  thefe  cafes,  was  faftened  j 
by  its  edge  to  a  flick  of  Tealing-wax.  This  appearance  I  have 
■obferved  to  happen  the  oftenefi  when  the  iron  hoop  has  been 
exceedingly  hot,  To  that  the  outfide  of  the  Tone  mu  ft  have  been 
heated  Tome  time  before  the  inflde;  and  I  alfo  think  there  is  the 
greateft  chance  of  producing  this  appearance  when  the  convex 
fide  of  the  flone  is  made  the  hotter  of  the  two.  When  I  heat  # 
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the  large  tourmalin  in  this  manner,  I  feldom  fail  to’make  both 
Tides  pofitive  till  the  (lone  be  about  blood  warm.  I  then  ge¬ 
nerally  obferve  a  ragged  part  of  the  flat  fide,  towards  one 
end  of  the  flone,  will  become  negative  firft,  and  by  degrees 
the  reft  of  the  flat  fide ;  but  very  often  one  part  of  the  flat 
fide  will,  in  this  method  of  treatment,  be  ftrongly  pofitive  half 
an  hour  after  the  other  part  is  become  negative. 

This  account  of  the  appearance  is  made  the  more  probable 
by  the  manner  in  which  the  ftone  was  affe<fted  when  only  one 
of  its  Tides  was  heated  at  one  time.  For  when  the  convex  fide  j 
only  was  heated,  the  ftone  often  continued  a  long  time  with 
both  its  Tides  pofitive,  generally  till  it  was  not  fenfibly  warm. 
But,  in  this  cafe,  before  the  convex  fide  became  pofitive,  it  would 
fometimes  be  negative  two  or  three  minutes.  On  the  other 
hand,  when  the  fiat  fide  only  was  heated,  it  would  be  pofitive 
a  long  while,  and  the  convex  fide  negative  ;  but  the  flat  fide 
becoming  negative  a  confiderable  time  before  the  convex  fide 
ceafed  to  be  fo,  both  lldes  would  continue  negative  till  the  ftone 
was  nearly  cold. 

Extremely  lorry  I  am  for  the  article  wTich  which  I  muft 
clofe  this  fe&ion.  In  the  firft  of  the  above  mentioned  courfes 
of  experiments,  that  fine  tourmalin,  which  has  been  fo  often 
mentioned  in  the  courfe  of  this  work,  flipped  out  of  my 
hands  ;  and  though  it  fell  only  from  the  height  of  my  breaft, 
upon  a  boarded  floor,  two  pieces  were  broke  off  from  one 
of  its  ends.  The  ftone,  however,  is  more  disfigured  than  in¬ 
jured  by  the  accident  :  for  the  larger  of  the  fragments  weighs 
but  ten  grains,  and  the  fmaller  only  one,  while  the  reft  of 
it  weighs  four  penny  weights  fixteen  grains.  I  cannot  perceive 
that  its  virtue  is  at  all  leflened.  Mr.  Wilfon  obferves,  that  there 
were  feveral  cracks  in  it ;  and  for  that  reafon  I  had  been  careful 
never  to  expofe  it  to  any  great  degree  of  heat. 
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It  is  broke  with  eight  or  ten  different  faces,  each  of  which 
hath  a  raoft  exquifite  polifh  ;  but  there  is  no  appearance  of 
any  Jlraia  or  lamina  in  the  internal  ftructure  of  the  ftone. 
A  piece  of  glafs  or  pitch  might  be  fuppofed  to  break  in 
the  fame  manner.  The  larger  of  the  fragments  has  confider- 
ablc  power,  and  the  two  fides  have  the  fame  different  powers: 
that  they  had  when  they  were  part  of  the  intire  ftone,, 
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^Experiments  in  which  RINGS,  consisting  of  all  the 
PRISMATIC  COLOURS,  were  made  by  electrical  ex¬ 
plosions  ON  THE  SURFACES  OF  METALS. 


IT  was  a  difcovery  of  Sir  Ifaac  Newton,  that  the  colours 
of  bodies  depend  upon  the  thicknefs  of  the  fine  plates  which 
compofe  their  furfaces.  He  hath  fhown  that  a  change  of  the 
thicknefs  of  thefe  plates  occafions  a  change  in  the  colour  of 
the  body,  rays  of  a  different  colour  being  thereoy  diipofed  to 
be  tranfmitted  through  it ;  and,  confequently,  rays  of  a  differ¬ 
ent  colour  refleded  at  the  fame  place,  fo  as  to  prefent  an  image 
of  a  different  colour  to  the  eye  A  variation  in  the  deniity 
occafions  a  variation  in  the  colour,  but  ftill  a  medium  of  any  den- 
fity  will  exhibit  all  the  colours,  according  to  the  thicknefs  of  it. 
Thefe  obfervations  he  confirmed  by  experiments  on  plates  of 
air,  water,  and  glafs.  He  likewife  mentions  the  colours  which 
„arife.on  polifhed  fteel  by  heating  it,  as  likewife  on  bell  metal, 
and  fome  other  metalline  fubftances,  when  melted  and  poured 
on  the  ground,  where  they  may  cool  in  the  open  air,  and  he 
afcribes  them  to  the f corics  or  vitrified  parts  of  the  metal,  which 
he  fays  moff  metals,  when  heated  or  melted,  do  continually  pro¬ 
trude, 
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trude,  and  fetid  out  to  their  furfaces,  covering  them  in  the  form 
of  a  thin  glafly  fkin. 

This  great  difcovery  concerning  the  colours  of  bodies,  depend¬ 
ing  upon  the  thicknefs  of  the  fine  plates  which  compofe -their 
furfaces,  of  whatever  denfity  thofe  plates  may  be,  I  have  been 
fo  happy  as  to  hit  upon  a  method  of  illufirating  and  confirming 
by  means  of  ele&rical  explofions;  A  number  of  thefe  being  re¬ 
ceived  on  the  furface  of  any  piece  of  metal,  change  the  colour 
of  it  to  a  confiderable* difiance  from  the  fpot  on  which  they 
were  difcharged,  fo  that  the  whole  circular  fpace  is  divided 
into  a  number  of  concentric  rings,  each  of  which  confifis  of 
all  the  prifmatic  colours,  and  perhaps  as  vivid  as  they  can  be 
produced  in  any  method  whatever. 

It  was  not  by  any  reafoning  a  priori,  but  by  mere  accident, 
that  1  was  led  to  the  difcovery  of  thefe  colours.  Having  occa- 
iion  to  take  a  great  number  of  explofions,  in  order  to  afcertain 
the  lateral  force  of  them  ;  1  obferved  that  a  piece  of  brafs,  through 
which  they  were  tranfmitted,  was  not  only  melted,  and  marked 
with  a  circle  by  a  fufion  round  the  central  fpot,  but  likewife 
tinged  beyond  the  circular  fpot  with  a  greenifii  colour,  which  I 
could  not  eafily  wipe  out  with  my  finger.  Struck  with  this  new 
appearance,  I  replaced  the  apparatus,  and  continued  the  explofions, 
till,  examining  with  a  microfcope,  1  plainly  perceived  all  the 
prifmatic  colours,  in  the  order  of  the  rainbow.  The  diameter 
of  the  red,  in  this  infiance,  was  one  third  of  an  inch,  and 
of  the  purple  near  one  fourth.  The  diameter  of  the  whole  colour¬ 
ed  fpace  in  the  fubfequent  experiments,  in  which  I  generally 
ufed  thirty  or  forty  explofions,  was  near  an  inch. 

Pleased  with  the  firfi  experiment,  I  prefently  diver  fifed  it  in 
a  great  variety  of  ways,  the  refult  of  which  I  fiiali  comprife  in  the 
following  obfcrvations. 
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1.  When  a  pointed  body  is  fixed  oppofite  to  a  plain  furface, 
the  nearer  it  is  placed,  the  fooner  the  colours  appear,  the 
clofer  do  they  fucceed  one  another,  and  the  lefs  fpace  they  oc- 

-  cupy.  It  Teems,  however,  that  when  the  point  is  at  fiich  a  dis¬ 
tance,  that  the  electric  matter  has  room  to  expand,  and  form  as 
large  a  circular  fpot  as  the  battery  will  admit,  this  coloured  ipace 
is  as  large  as  it  is  capable  of  being  made;  but  ftill  the  colours 
appear  later,  in  proportion  to  the  diftance  beyond  that.  Vv  hen 
the  point  is  fixed  exceedingly  near,  or  made  to  touch  the 
furface,  the  colours  appear  at  the  firft  explolion,  but  they  fpread 
very  irregularly,  and  make  no  diftmdft  ruij.  s. 

2.  The  more  accutely  pointed  is  the  wire,  from  which  the 
electric  fire  iflues,  or  at  which  it  enters,  the  greater  is  the  num¬ 
ber  of  rings.  A  blunt  point  makes  the  rings  larger,  but  fewer. 
It  is  likewife  much  later  before  they  make  their  appearance  at 
a  given  diftance. 

3.  In  making  thefe  rings,  the  firft  appearance  is  a  duftcy  red 
about  the  edge  of  the  central  fpot;  prefently  after  which  (ge¬ 
nerally  after  four  or  five  ftrokes)  there  appears  a  circular  fpace, 
vifible  only  in  an  oblique  pofition  to  the  light,  and  looking  like 
a  fhade  on  the  metal.  This  expands  very  little  during  the  whole 
courfe  of  the  explofions.  It  Teems  to  be  an  attempt,  as  it 
were,  at  the  firft  red  ;  for,  by  degrees,  as  the  other  colours 
fill  the  greater  part  of  that  fpace,  the  extreme  edge  of  it 
becomes  a  deeper  brown. 

4.  After  a  few  more  explofions,  fecond  circular  fpace  is 
marked,  by  another  fhade  beyond  the  firft,  being  one  eighth 
or  one  tenth  of  an  inch  in  breadth,  which  I  have  never  ob- 
ferved  to  change  its  appearance,  after  ever  To  many  explofions. 
This  {hade,  by  fucceeding  the  firft,  which  becomes  gradually  of 
a  brown  or  light  red  colour,  Teems  to  be  an  attempt  at  the  fainter 

V  colours,  which  intervene  between  the  reds. 

5.  All 
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5.  All  the  colours  make  their  fir  ft  appearance  about  the  edges 
of  the  circular  fpot.  More  explofions  make  them  expand  to¬ 
wards  the  extremity  of  the  fpace  firft  marked  out ;  while  others 
fucceed  in  their  place  ;  till,  after  thirty  or  forty  explofions,  three 
diftinft  rings  appear,  each  confiding  of  all  the  colours.  If  the 
the  explofions  be  continued  farther,  the  colours  become  lefs  beau¬ 
tiful  and  diftind,  the  red  generally  prevailing,  and  fuffufing  the 
reft. 

6.  The  innermoft,  i.  e.  the  laft  formed  colours,  are  always 

the  moft  vivid,  and  thofe  rings  are  likewife  clofer  to  one  another 
than  the  reft. 

7.  Th£.se  colours  may  be  brufhed  with  a  feather,  or  a  finger 
may  be  drawn  over  them,  without  injury ;  but  they  are  eaftly 
peeled  oft,  with  one’s  nail,  or  any  thing  that  is  fharp.  The 
innermoft  are  the  moft  difficult  to  erafe. 

8.  The  firft  rings  are  fometimes  covered  with  a  quantity 
of  black  duft,  part  of  which,  however,  may  be  wiped  off,  with 
a  feather,  and  the  colours  will  appear  under  it. 

9.  It  makes  no  difference  whether  the  eledric  matter  iffue 
from  the  pointed  body  upon  the  plate,  or  from  the  plate  upon 
the  pointed  body,  tue  furface  oppofite  to  the  point  being  marked 
exadly  alike  in  both  cafes;  alfo  the  points  themfelves,  from  which 
the  fire  iffues,  or  at  which  it  enters,  are  coloured  to  a  coniider- 

able  degree,  about  half  an  inch.  The  colours,  alfo,  return  here 
as  upon  the  plate. 

10.  The  more  circles  are  made  at  the  fame  time,  the  more  de¬ 
licate,  I  think,  the  colours  will  be,  whereas  the  furface  is 
torn,  as  it  were,  by  violent  explofions,  and  the  colours  ap¬ 
peal  rough  and  coarfe.  But  this  roughnefs  is  only  perceived 
on  fteel.  On  filver,  tin,  and  poliftied  brafs,  the  colours  were 
always  equally  free  from  that  coarfenefs. 

4  P 
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i  I.  A  polished  furface  is  not  neceflary  for  thefe  colours,  for 
they  appear  very  well,  though  they  do  not  make  fo  beautiful  an 
appearance  on  the  rough  furfaces. 

12.  These  coloured  rings  appear  equally  well  on  all  the 
metals  that  I  have  tried,  viz.  gold,  fiver,  copper,  brafs,  iron, 
Heel,  lead,  and  tin.  I  have  not  tried  any  of  the  femi-metals,' 
but  I  have  no  doubt  of  their  anfwering  as  well  as  the  proper 
metals. 

13.  When  the  pointed  wire  wras  made  to  incline  to  the 
plane  on  which  the  colours  were  made,  the  circular  fpot  was 
quite  round,  and  the  center  of  it  was  in  a  perpendicular  let  fall 
from  the  point  upon  the  plain  furface ;  but  the  colours  were 
projected  in  an  oblong  form,  the  center  being  in  the  pointed 
wire  continued. 

Upon  {hewing  thefe  coloured  rings  to  Mr.  Canton,  I  was 
agreeably  furprized  to  find,  that  he  had  likewife  produced  all  the 
prifmatic  colours  from  all  the  metals,  but  by  a  different  opera¬ 
tion.  He  extended  fine  wires,  of  all  the  metals,  along  the  furface 
of  pieces  of  glafs,  ivory,  wood,  &c.  and  when  the  wire  was  ex¬ 
ploded,  he  always  found  them  tinged  with  all  the  colours.  They 
are  not  difpofed  in  fo  regular  and  beautiful  a  manner  as  in  the 
rings  I  produced,  but  they  equally  demonfirate,  that  none  of  the 
metals,  thus  exploded,  difcovers  the  leaf!  preference  to  one  co¬ 
lour  more  than  to  another.  A  variety  of  other  very  extraordinary 
appearances  occurred  in  the  courfe  of  Mr.  Canton’s  experiments  in 
melting  wires,  but  I  forbear  to  mention  them,  as  1  hope  he  will 
loon  favour  the  public  with  a  communication  of  them  himfelf. 

In  what  manner  thefe  colours  are  formed,  it  may  not  be  eafy 
to  conjecture.  In  Mr.  Canton’s  method  of  producing  them,  the 
metal,  or  the  calcined  and  vitrified  parts  of  it,  feem  to  be  difperf- 
ed  in  all  directions  from  the  place  of  explofion  in  the  form  of 
fpheres,  of  a  very  great  variety  of  fizes,  tinged  with  all  the  va- 
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riety  of  colours,  and  fome  of  them  fmaller  than  can  be  diftin&ly 
feen  by  any  magnifier.  In  my  method  of  making  thefe  co¬ 
lours,  they  feem  to  be  produced  in  a  manner  fimilar  to  the  produc¬ 
tion  of  colours  on  fteel,  and  other  metals  by  heat,  i.  e.  the  furface 
is  affeded,  without  the  parts  of  it  being  removed  from  their 
places,  certain  plates  or  lamina  being  formed,  of  a  thicknefs 
proper  to  exhibit  the  refpedive  colours. 
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SECTION  XIV. 


Experiments  on  the  LATERAL  FORCE  of  ELECTRICAL 

EXPLOSIONS. 


BEING  informed,  in  accounts  of  damages  done  by  lighte¬ 
ning,  of  perfons  and  things  being  removed  to  a  corffider- 
able  diftance,  without  receiving  any  hurt ;  I  was  excited  to  try 
whether  I  could  produce  fimilar  effeds  by  eledricity.  All 
the  other  known  effeds  of  lightning  had  been  frequently  imi¬ 
tated  by  the  application  of  this  power,  but  I  do  not  know 
that  this  effed  has  ever  been  fo  much  as  taken  notice  of  by  any 
eledricians.  The  experiments  I  prefently  found  to  be  very 
eafy,  and  I  think  it  not  difficult  to  afcertain  the  caufe,  and 
the  manner  in  which  this  ftriking  effed  is  produced. 

If  pieces  of  cork,  powder  of  any  kind,  or  any  light  bodies  what¬ 
ever,  be  placed  near  the  explolion  of  a  jar  or  battery,  they 
will  not  fail  to  be  moved  out  of  their  places,  upon  the  inftant  of 
the  difcharge.  If  the  explofion  of  a  large  battery  be  made  to  pafs 
over  the  furface  of  animal  or  vegetable  fubftances,  in  the  man¬ 
ner  defcribed  above,  and  large  corks  be  flrewed  along  or  near  the 
part  intended  for  it,  it  is  furprizing  to  obferve  with  what  violence 

they 
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they  will  be  driven  about  the  room.  This  difperfion  is  in  all  di¬ 
rections  from  the  center  of  the  explofion,  and  it  makes  no 
difference  whether  the  rods,  between  which  it  is  made,  be  fharp 
pointed  or  otherwife. 

The  effect  of  this  lateral  force  is  very  remarkable  in  attempts 
to  fire  gun  powder  in  eledrical  explofions.  If  the  gun  powder 
be  confined  ever  fo  clofe  in  quills  or  cartridges,  and  they  be 
held  faft  in  vifes  ;  yet,  when  the  explofion  is  made  in  the  center 
of  them,  it  will  fometimes  happen  (even  wdien  a  wire'  has  been 
melted  in  the  midft  of  the  powder,  and  the  fragments  have  been 
feen  red-hot,  for  fome  time,  in  different  parts  of  the  room]  that 
the  powder  has  not  been  fired,  or  only  a  few  grains  of  it,  the  reft 
being  difperfed  with  great  violence,  part  of  it  flying  againft  the 
faces  of  perfons  who  afhfted  in  making  the  experiments.  This 
circumftance,  together  with  the  charcoal  being  a  conductor  of  elec¬ 
tricity  makes  it  fo  extremely  difficult  to  fire  gun  powder  by  elec¬ 
trical  explofions ;  and  it  is  evidently  owing  to  this  lateral 
force,  that  parts  of  the  melted  wire  fly  fo  many  ways,  and  to 
fo  great  a  diftance  from  the  place  of  explofion. 

IThis  lateral  force  is  exerted*  hot  only  in  the  neighbour¬ 
hood  of  an  explofion,  when  it  is  made  between  pieces  of  metal 
in  the  open  air,  but  alio  when  it  is  tranfmitted  through  wires 
that  are  not  thick  enough  to  condud  it  perfedly ;  and  the  fmaller 
the  wire,  and  the  more  complete  the  fufion,  the  greater  is  the 
difperfion  of  light  bodies  placed  near  it.  At  one  time,  when  the 
wire  was  not  melted,  but  turned  blue  by  the  explofion  (in  which 
cafe  it  generally  affumes  a  dufky  red,  which  lafts  but  for  a 
moment)  there  was  a  fmall  difperfion  from  every  part  of  the 
wire,  but  by  no  means  fo  great  as  it  would  have  been  if  it  had 
been  melted,  or  only  heated  to  a  greater  degree. 

By  a  confiderable  number  of  trials,  I  found,  that  a  greater  force 
of  explofion  would  move  light  bodies  at  a  greater  diftance, 

but 
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but  the  fmaller  the  bodies  were,  the  lefs  was  this  difference  ;  fo 
that  I  imagined,  that  if  they  had  no  weight  at  all,  they  would, 
probably,  be  moved  at  the  fame  diftance,  by  the  explofion  from 
any  quantity  of  coated  furface,  charged  equally  high  :  but  there 
was  a  great  difference  in  the  weight  removed  by  different  forces 
at  the  fame  diftance.  Placing  the  fame  piece  of  cork  at  the  fame 
diftance  from  the  place  of  explofion,  I  found  that  the  difcharge 
of  one  jar  removed  it  one  fourth  of  an  inch,  two  jars  one  inch  and 
one  fourth,  three  jars  one  inch  and  three  fourths,  and  four  about 
two  inches,  fo  that  I  do  not  wonder  at  very  heavy  bodies  being 
moved  from  their  places,  and  to  confiderable  diftances,  by  ftrong 
flafhes  of  lightning. 

That  the  immediate  caufe  of  this  difperfion  of  bodies  in  the 
neighbourhood  of  electrical  explofions  is  not  their  being  fud- 
denly  charged  with  a  quantity  of  eleCtric  matter,  and  therefore  fly¬ 
ing  from  others  that  are  equally  charged  with  it  is,  I  think, 
evident  from  the  following  experiments  and  obfervations.  I 
never  obferved  the  leaft  fenfible  attraction  of  thefe  light  bodies 
to  the  brafs  rods  through  which  the  explofion  pafled,  or  to  the 
eleCtric  matter  palling  between  them,  previous  to  this  repulfion, 
though  I  ufed  feveral  methods,  which  could  not  have  failed 
to  fhow  it,  if  there  had  been  any  fuch  thing.  Sometimes  1  fuf- 
pended  them  in  fine  filken  firings,  and  obferved  that  they  had 
contracted  no  electricity  after  they  had  been  agitated  in  the 
manner  defcribed  above.  Sometimes  I  dipped  them  in  turpen¬ 
tine,  and  obferved  that  no  part  of  it  was  found  flicking,  either  to 
the  brafs  rods  themfelves,  or  to  any  part  of  the  table  betwixt 
them  and  the  place  where  the  light  bodies  had  been  laid.  I 
even  found  that  the  explofion  of  a  battery,  made  ever  fo  near  to 
a  brafs  rod,  did  not  fo  much  as  difturb  the  equilibrium  of  the 
eleCtric  fluid  in  the  body  itfelf;  for  when  I  had  infulated  the 
rod,  and  hung  a  pair  of  pith  balls  on  the  end  oppofite  to  that 


near. 


Sec.  XIV.  ELECTRICAL  EXPLOSIONS. 


near  which  the  explofion  pa  fled,  I  found  that  the  balls  were 
not  in  the  leaf;  moved , at  the  time  of  explofion;  which  they 
would  have  been,  if  part  of  the  eledric  fluid  natural  to  the  body 
had  been  driven,  though  but  for  a  moment,  towards  the  oppofite 
end.  I  alfo  obferved  that  the  effed  was  the  fame  when  the 
explofion  was  made  to  pafs  through  one  of  the  knobs  of  the  in- 
fulated  rod.  This  lateral  force  was  evident  through  thin  fub- 
flances  of  various  kinds,  interpofed  between  the  explofion  and 
the  bodies  removed  by  it ;  as  paper,  tinfoil,  and  even  glafs  ; 
for  when  fome  grains  of  gun  powder  were  put  into  a  thin  phial 
clofe  flopped,  and  held  near  the  explofion  of  a  battery,  they  were 
thrown  into  manifeft  agitation. 

I  THEREFORE  think  it  moft  probable,  that  this  lateral  force  is 
produced  by  the  explofion  of  the  air  from  the  place  where  the 
explofion  is  made.  For  the  eledric  matter  makes  a  vacuum  of 
air  in  its  paflage ;  and  this  air,  being  difplaced  fuddenly,  gives 
a  concuflion  to  all  the  bodies  that  happened  to  be  near  it.  Hence 
the  removal  of  the  light  bodies,  and  the  agitation  communicated 
to  the  thin  fubftance  and  to  the  air,  and  the  light  bodies  placed 
beyond  them. 

The  only  objedion  to  this  hypothefis  is,  that  this  lateral 
force  is  not  fo  much  lefs  in  vacuo  as  might  be  expeded, 
when  the  air  is  fuppofed  to  receive  the  concuflion  firft,  and  to 
communicate  it  to  other  bodies  ;  but  it  muft  be  confidered,  that 
the  moft  perfed  vacuum  we  can  make  with  a  pump  is  not 
free  from  air.  1  have  tried  to  make  this  experiment  in  a  Tor¬ 
ricellian  vacuum,  but  could  not  fucceed  at  that  time.  Befides, 
as  the  eledric  matter  of  which  an  explofion  conflfts  muft  take 
a  wider  path  in  vacuo,  if  not  equally  fill  the  whole  fpace,  it 
may  affed  a  body  in  its  paflage,  without  the  intervention  of  any 
air.  In  condenfed  air,  this  latter  force  was  not,  as  far  as  I  could 
perceive,  much  encreafed. 
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Willing  to  feel  what  kind  of  an  impulfe  it  was  that  added 
upon  bodies,  when  they  were  driven  away  by  this  lateral  force 
of  electricity,  I  held  my  finger  near  the  path  of  an  explofion  of 
the  battery,  paffing  over  the  fiirface  of  a  green  leaf,  when  I  felt 
a  firoke,  as  of  fomething  pufhing  againft  my  finger.  Several  corks, 
placed  in  the  fame  lituation,  were  driven  to  a  confiderable  diltance 
by  the  fame  explofion. 

Recollecting  that  this  power,  which  I  now  call  the  lateral 
force  of  elcBrical  exphfions,  mud  be  the  fame  with  that  which 
rives  the  concuflion  to  water,  mentioned  in  my  experiments  to 

O 

imitate  an  earthquake,  and  to  vegetable  and  animal  fubftances, 
over  the  furface  of  which  it  paffes  ;  and  being  determined  to 
make  a  more  fatisfadory  trial  of  it  than  I  had  ventured  to  do 
before,  I  laid  a  green  leaf  upon  the  palm  of  my  hand,  intend¬ 
ing  to  make  the  explofion  pafs  over  the  leaf ;  but  the  leaf  was 
burft,  and  torn  to  pieces,  and  the  explofion  paffing  over  my  hand 
gave  it  a  violent  jar,  the  effed  of  which  remained  in  a  kind  of 
tingling  for  fome  time. 

Lastly,  in  order  to  judge  the  more  perfedly  of  this  force, 
I  laid  a  chain  communicating  with  the  outfide  of  the  battery  up¬ 
on  my  bare  arm  above  the  wrift,  and  bringing  the  difcharging* 
rod  near  the  flefh,  within  about  two  inches  and  an  half  of  the 
chain,  I  made  the  explofion  pafs  over  that  quantity  of  the  fur- 
face  of  the  {kin.  Had  I  taken  a  greater  difiance,  I  was  aware 
that  the  explofion  would  have  entered  the  flefh,  which,  I  was* 
fenfible,  would  have  given  a  painful  convulficn  to  the  mufcles 
through  which  it  paffed.  In  this  cafe,  the  fenfible  effed  was 
very  different  from  that,  being  the  fame  external  conciiffion  as 
before,  and  I  have  fometimes  thought,  that  the  fenfation  is  not 
difagreeable.  However  the  hairs  upon  the  {kin  were  all  finged, 
and  curled  up  along  the  whole  path  of  the  explofion,  and  for 
the  fpace.  of  about  half  an  inch  on  each  fide  of  it  alfo  the 
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papilla  pyramid  ales  of  the  fkin  were  raifed,  as  when  a  perfon 
is  fhivering  with  cold.  This  was  alfo  the  cafe  in  every  part  of 
the  arm  which  the  chain  touched,  and  even  that  part  of  it 
which  was  not  in  the  circuit.  Both  the  path  of  the  explofion, 
and  the  place  on  which  the  chain  had  lain,  had  a  rednefs,  which 
remained  till  the  next  day.  Sometimes  the  flefh  has  contrafted 

a  biacknefs  by  this  experiment,  which  has  remained  for  a  few 
hours. 
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Various  experiments  on  the  force  of  electrical 

EXPLOSIONS. 


MAKING  the  explofion  of  a  battery  pafs  over  the  furface 
of  a  green  cabbage  leaf,  I  obferved  that  it  left  a  track, 
near  a  quarter  of  an  inch  in  breadth,  exceedingly  well  de¬ 
fined,  and  diftinguifhable  by  a  difference  of  colour  from  the 
reft  of  the  leaf.  Along  this  path  alfo  the  firmnefs  of  texture  in 
the  leaf  was  entirely  deftroyed,  that  part  becoming  quite  flexible, 
like  a  piece  of  cloth.  Prefently  after  it  turned  yellow,  grew 
withered,  and  became  perfectly  brittle. 

Willing  to  try  the  effect  of  this  explofion  pafling  along 
the  furface  of  other  fubftances,  I  laid  a  piece  of  common  win¬ 
dow  glafs  on  the  path,  prefled  by  a  weight  of  fix  ounces  ;  but 
it  was  fhattered  to  pieces,  and  totally  difperfed,  together  with 
the  leaf  on  which  it  lay.  Placing  the  black  fide  of  a  piece 
of  cork  wood  upon  it,  preffed  by  a  weight  of  half  a  pound, 
the  leaf  was  not  rent-,  but  the  cork  was  furrowed  all  the  way, 
a  trench  being  made  in  it,  about  half  an  inch  in  breadth,  and  a 
quarter  of  an  inch  in  depth.  Laying  the  fmooth  cut  fur¬ 
face  ol  the  piece  of  cork,  it  was  furrowed  all  the  way  as  it  it  had 
been  cut  with  a  file,  but  not  near  fo  deep  as  before.  ‘  Many  of 
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the  fmall  pieces  which  had  been  rubbed  off  in  the  explofion, 
remained  in  the  furrow.  Alfo  the  fubftance  of  the  cork 
feemed  to  be  fhattered,  and  it  was  eafily  rubbed  off,  a  little 
way  into  it. 

I  made  this  explofion  on  the  furface  of  feme  red  wine  in  a 
fmall  difh,  and  kept  a  part  of  the  fame  quantity  expofed  in  a  fimi- 
lar  manner,  but  I  could  perceive  no  difference  between  them 
after  feveral  days. 

The  track  of  an  electrical  explofion  on  the  furface  of  the  cab¬ 
bage  leaf  being  fo  well  defined,  iuggefted  an  experiment  to  afeer- 
tain  whether  there  was  any  fenfible  momentum  in  the  eledtric  fluid, 
when  it  is  milling  with  violence  from  one  fide  of  a  battery  to 
the  other.  For  this  purpofe  I  made  the  explofion  pafs  over  the 
leaves  when  they  were  cut  in  right  and  acute  angles  ;  fo  that 
the  fhorteff  path,  from  the  infide  to  the  outfide  of  the  battery, 
was  to  turn  clofe  at  the  angle ;  and  obferved,  that  it  was  not  di¬ 
verted  from  its  courfe  in  the  leaft  degree  by  the  rapidity  of  its 
own  motion,  but  that  it  had  turned  exadly  at  the  angle  ;  and 
kept  as  clofe  to  the  opposite  fide,  as  if  the  motion  had  begun 
at  the  angle.  1  he  eledtric  matter  had  however  been  evidently 
attracted  by  the  veins  of  the  cabbage  leaf,  having  purfuedthem 
a  little  way,  at  leaft  having  fenfibly  affedted  them,  wherever  it 
met  with  them  in  its  paffage. 

This  experiment  fuggefted  another,  intended  to  determine 
whether  the  force  of  an  explofion  was  at  all  diminifhed  by  be¬ 
ing  diverted  from  a  right  lined  courfe,  and  made  to  turn  in  a 
great  number  of  angles.  To  do  this,  I  firft  found,  by  a  great 
number  of  trials,  what  length  of  a  fmall  iron  wire  i  was 
able  to  melt  with  a  battery  of  about  twenty  fquare  feet,  in 
the  middle  of  a  circuit  of  about  three  yards  of  brafs  wire,  con- 
fiderably  thicker  than  the  iron,  and  ft  retched  in  two  right  lines, 
fufpended  on  lilken  firings.  The  length  of  the  iron  wire  melt- 
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ed  in  thefe  circumftances  was  about  three  inches.  I  then  took 
the  fame  brafs  wire,  and,  fixing  pins  into  a  board  of  baked 
wood,  twilled  it  about  them,  making  it  turn  in  a  very  great  num¬ 
ber  of  acute  angles  ;  and  I  put  three  inches  of  the  fame  iron  wire 
in  the  middle  of  this  crooked  circuit,  that  I  had  done  in  the  firaight 

k 

one,  fo  that  the  eleCtric  matter  in  the  explofion  was  obliged  to 
make  a  great  number  of  turns  at  acute  angles,  before  it  could 
come  to  the  iron  wire;  but  I  always  found  that  the  fame  length 
of  iron  wire  was  melted  in  thefe  circumftances,  as  in  the  other,  and 
not  the  lead  difference  was  perceived  in  the  force. 

But  though  the  form- of  the  wire  through  which  an  explofion 
palled  made  no  difference  in  its  force,  1  found  a  very  remarkable 
difference  occafioned  by  the  length  of  the  circuit ,  in  wires  of  the 
fame  thicknefs,  and  which,  I  own  furprized  me  very  much. 

In  order  to  afeertain  the  practicability  of  firing  mines  by 
eleCtrical  explofions,  I  took  twenty-two  yards  of  fmall  brafs  wire 
(but  fo  thick,  however,,  that  I  could  not  have  melted  the  lead 
part  of  it,  by  the  force  of  any  battery  I  have  ever  condruCted) 
and  extending  it  along  a  dry  boarded  floor,  with  a  fmall  piece 
of  iron  wire,  and  a  cartridge  of  gun  powder  about  it,  in  the 
place  that  was  mod  remote  from  the  battery  ;  I  found  that,  upon 
the  difeharge,  the  wire  was  not  melted,  nor  the  gun  powder  ex¬ 
ploded  ;  alfo  the  report  was  very  faint.  In  other  circum dances  a 
charge  of  the  fame  battery  was  able  to  melt  more  than  nine  inches 
of  this  iron  wire,  and  this  fame  cartridge  was  eafly  fired  near  the 
battery,  connected  with  fhorter  pieces  of  the  fame  brafs  wire ; 
fo  that  the  diminution  of  force  mud  have  been  owing  to  the 
length  of  the  circuit. 

In  the  place  of  this  fmall  brafs  wire,  I  fubfiituted  an  iron  wire, 
one  fifth  of  an  inch  thick  ;  when  about  half  an  inch  of  the 
fmall  iron  wire  was  exploded  ;  fo  that  the  force  was  not  lefiened  fo 
much  in  a  circuit  of  the  thick  iron  wire,  as  it  had  been  in  one 
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of  the  finall  brafs  wire.  In  order  to  judge  how  much  of  the 
force  might  be  loft  by  nearer  circuits,  confifting  of  lefs  perfeCi  con¬ 
ductors,  1  joined  the  middle  of  the  circuit  made  by  the  iron  wire 
with  water,  in  which  both  the  wires  were  immerfed.  The  effeCt 
was,  that  the  fmall  iron  wire  was  only  made  red-hot,  but  not 
exploded  as  before* 

•  Being  femible  how  much  depended  upon  avoiding  all  lefter 
circuits,  whereby  part  of  the  fire  of  an  explofion  might  return 
to  the  battery,  without  reaching  the  extremity  of  the  circuit, 
where  I  intended  the  whole  of  its  force  to  be  exerted  ;  in  the  re¬ 
maining  experiments,  I  infulated  half  the  circuit  of  iron  wire. 
There  was  no  occafion  for  infulating  the  whole  circuit ;  for  if 
there  was  but  one  paflage  to  or  from  the  middle  of  it,  there 
could  be  put  one  from  or  to  it.  In  this  method  it  was  eafy  to 
afcertain  what  lofs  of  force  was  occafioned  by  the  length  of  the 
circuit,  as  every  other  circumftance  was  carefully  excluded* 
And  it  prefently  appeared  to  be  very  confiderable ;  for  though 
I  could  melt  nine  inches  of  the  fmall  iron  wire  at  the  diftance 
of  fifteen  yards  from  the  battery,  when  I  tried  twenty  yards,  I 
found  that  1  was  juft  able  to  make  fix  inches  of  it  red-hot. 
The  battery  in  thefe  experiments  was  in  the  houfe,  and  the  wires 
of  which  the  circuit  confifted  were  conveyed  by  filken  firings  in¬ 
to  a  garden  adjoining  to  the  houfe. 

Mentioning  this  lofs  of  force,  occafioned  by  the  length  of  the 
circuit,  in  electrical  expiofions  to  Dr.  Franklin,  he  told  me  that 
the  fame  obfervation  had  occurred  to  him,  and  that  he  had  alfo 
been  difappointed  in  an  attempt  to  fire  gun  powder  at  a  diftance 
from  his  battery. 

Struck  with  this  appearance,  I  endeavoured  to  afcertain 
the  quantity  of  this  obftruCtion,  by  trying  what  other  courfes  the 
eledric  fire  would  chafe,  preferably  to  a  long  metallic  circuit.  In 
the  firft  place,  taking  about  a  yard  of  the  fmall  brafs  wire  men¬ 
tioned 
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tioned  above,  1  difpofed  it  in  the  manner  defcribed  [fig.  9.  PI.  I.] 
connecting  one  of  the  ends  with  the  outfide  of  the  battery  and 
the  other  with  the  infide.  In  the  firft  place,  I  brought  the  parts 
[a]  and  (near  the  two  extremities)  into  contad,  and,  upon  the 
difchargc,  found  there  had  been  a  fufion  in  that  place,  and  that 
a  great  part  of  the  fire  had  taken  the  fhorter  circuit,  though 
it  had  been  obliged  to  quit  the  wire  in  one  place,  and  enter  in 
again  in  another.  Afterwards  I  removed  the  parts  [c/]  and  [^} 
to  a  fmall  diftance  from  one  another,  and,  upon  the  explofion, 
obferved  a  Prong  fpark  pals  between  them.  Removing  them  to 
greater  and  greater  diflances,  I  found  the  explofion  chcfe  to 
pafs  above  one  third  of  an  inch  in  the  air,  rather  than  make 
the  circuit  of  the  continued  wire.  Ufing  a  longer  and  fmaller 
iron  wire,  the  paffage  through  the  air  exceeded  half  an  inch.  I 
then  took  four  or  hve  yards  of  iron  wire,  one  tenth  of  an  inch 
thick ;  when  the  paffage  through  the  air  was  Pill  half  an  inch ; 
and  taking  three  yards  and  a  half  of  a  wire  that  was  one  fifth  of 
an  inch  thick,  the  fpark  in  the  air  was  half  an  inch,  and  fome- 
times  near  three  quarters  of  an  inch.  Making  ufe  of  only  half 
the  length  of  this  wire,  the  paffage  through  the  air  was  only 
half  that  difiance,  or  one  fourth  of  an  inch.  When  I  kept  the 
place  of  near  contad  about  the  middle  of  this  wire,  and  made  the 
explofion  at  the  extremities  of  the  whole  wire,  I  was  obliged 
to  bring  them  about  as  near  again,  i.  e,  to  little  more  than  one 
eighth  of  an  inch  before  the  paffage  would  be  through  the  air; 
fo  that  the  force  of  the  whole  explofion  muft  have  been  greatly 
weakened  by  its  paffing  through  fo  much  of  the  wire.  Lafily, 
I  took  a  pair  of  kitchen  tongs,  the  legs  of  which  were  two  feet  in 
length,  and  the  fmalleft  part  of  them  above  half  an  inch  in 
diameter;  when  the  circuit  w^as  made  about  one  fixth  of  an  inch 
in  the  air  (for  at  that  diftance  from  one  another  the  ends  of  the  tongs 

had  been  fixed)  rather  than  through  four  feet  of  that  thick  iron. 

Not- 
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Notwithstanding  this  paflage  of  the  explofion  through 
the  air,  at  the  fame  time  that  a  metallic  circuit  was  open  for  it, 
it  was  evident  that  the  whole  of  the  force  did  not  pafs  this  way, 
nor  indeed  the  greateft  part  of  it.  For  when  I  extended  a  fmall 
iron  wire  between  [a]  and  [6],  I  could  only  make  about  half  an 

inch  of  it  red-hot,  whereas,  when  there  was  no  other  metallic 

* 

circuit,  I  was  able,  with  the  lame  battery,  to  explode  more  than 
two  inches  of  it. 

As  the  ele&ric  fire  meets  with  fo  much  obflru&ion  in  palling 
through  a  circuit  of  iron  of  this  thicknefs,  I  make  no  doubt,  but 
that  it  is  confiderably  obftru&ed  in  palling  through  metallic  circuits 
of  any  thicknefs  whatever  ;  and  that  it  would  prefer  a  palfage 
through  the  air,  if  they  were  made  even  of  no  great  length.  In 
this  method,  the  different  degrees  of  conducting  power  in  differ¬ 
ent  metals  may  be  tried,  uling  metallic  circuits  of  the  fame 
length  and  thicknefs,  and  obferving  the  difference  of  the  paffage 
through  the  air  in  each.  N.  B.  A  common  jar  anfwers  as  well 
in  thefe  experiments  as  a  large  battery. 

It  is  evident,  from  many  experiments,  that  the  whole  fire  of  an 
explofion  does  not  pafs  in  the  fhorteft  and  belt  circuit,  but  that 
if  inferior  circuits  be  open,  part  will  pafs  in  them  at  the  fame 
time.  Of  this  I  made  the  following  fatisfa&ory  trial.  I  took  an 
iron  chain,  and  laid  it  upon  a  table,  in  contaCl  with  a  charged 
jar;  fo  that  the  parts  of  it  made  two  circuits  for  the  difeharge, 
which  1  could  vary  at  pleafure;  and  I  obferved  that,  when  one  of 
the  circuits  was  but  half  an  inch,  and  the  other  more  than 
half  a  yard  ;  yet,  if  the  charge  was  high,  it  always  went  in 
them  both,  there  being  confiderable  flafhes  between  the  links  of 
the  remote!!  part  of  the  chain.  If  the  charge  was  weak,  it  paffed 
in  the  longer  or  metallic  circuit  only. 

It  is  evident  that  when  the  wires  of  a  battery  are  not  in  clofe 
contact,  there  muf!  be  fome  lofs  of  force  in  the  difeharge;  but 

this 
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this  never  appeared  to  me  to  be  fo  considerable,  as  Mr.  L.  Epinafle 
feems  to  have  imagined  *.  In  order  to  afcertain  this  by  experi¬ 
ment,  I  firft  found,  by  repeated  trials,  what  length  of  an  iron 
wire,  of  a  certain  thicknefs,  I  was  able  to  melt  with  a  battery 
confiding  of  twenty  jars,  conftru&ed  in  the  manner  defcribed 
above.  It  wras  about  twro  inches  and  a  half.  I  then  foldered  all 
the  wires  together,  and  alfo  foldered  one  rod  to  them  all,  inftead 
of  a  chain  which  I  had  ufed  before,  fo  that  I  avoided  near  a  hun¬ 
dred  fparks,  in  each  of  which  fome  force  had  been  loft ;  but  I 
did  not  find,  after  many  trials,  that  the  power  of  the  battery  was 
fenfibly  diminiftied.  I  ftill  could  not  melt  three  inches  of  the 
fame  wire. 

*  Phil.  Tranf.  Vol.  lvii.  pt.  i.  p.  186. 
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I.  Observations  on  the  electric  spark  taken  through 

SEVERAL  PIECES  OF  METAL* 


1V/TARCH  the  24th,.  1766.  I  obferved  that  an  eleCtric 
X  X  fpark  taken  from  the  prime  conductor  itfelf  was  not  near 
fo  ftrong  and  pungent,  as  one  taken  through  a  piece  of  metal 

infulated,  and  interpofed  between  my  finger  and  the  con¬ 
ductor. 

The  efFed  was  the  fame  whatever  was  the  form  of  the  inter¬ 
pofed  piece  of  metal.  And,  in  this  manner,  whatever  was  pre- 
fented  received  a  full  and  ftrong  fpark;  whereas  a  great  part  is 
commonly  difiipated,  in  pencils  or  ftars,  even  when  pretty 
large  brafs  knobs  are  prefented  to  the  prime  conductor  itfelf, 
if  the  excitation  be  very  powerful  ;  unlefs  both  the  con¬ 
ductor  and  knob  have  one  precife  degree  of  convexity,  adapted 
to  one  another. 

One  fingle  brafs  ball  made  the  fpark  as  ftrong  as  the  interpofi- 
tion  of  a  long  piece  of  metal,  or  of  many  pieceSr 
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Whether  one,  a  few,  or  a  great  number  of  pieces  were  ufed, 
it  feemed  that  the  intervals  taken  together  mud  be  equal. 

But  thefe  intervals  taken  together  will  be  larger  when 
the  pieces  are  placed  in  a  right  line,  than  when  they  are 
laid  in  a  curve. 

Whether  one  body,  or  a  number  of  them  be  interpofed  ;  if 
a  fpark  be  folicited  it  will  not  ftrike  the  firft,  unlefs  it  can,  at  the 
fame  time,  ftrike  all  the  reft. 

All  thefe  experiments  fucceed,  in  the  fame  manner,  with  the 
explofion.  of  a  charged  jar. 

Some  of  the  above  mentioned  circumftances,  I  afterwards  found,, 
had  been  taken  notice  of  by  Signior  Beccaria,. 


II.  A  DECEPTION  RELATING  TO  THE  DIRECTION  OF  TH3 

ELECTRIC  SPARK. 

As  I  was  once  amufing  myfelf  with  taking  long  fparks  from 
a  large  prime  condudor  of  polilhed  copper,  and  conftdering  the 
deceptions  that  eledricians  had  fallen  into  with  refped  to  the  di- 
redion  of  the  eledric  matter  ;  1  could  not  help  being  ftruck 
with  one  deception,  which  the  evidence  of  my  fenfes  would  never 
have  redified  ;  and  which  fhowed  very  clearly,  how  little  the. 
evidence  of  the  fenfes  is  to  be  depended  upon  in  fuch  cafes.  I 
obferved,  that,  whether  I  made  this  large  condudor  give,  or.  take 
the  eledric  fire  (for  I  could  make  it  do  either  at  pleafure,  and. 
with  the  fame  force)  I  ftill  fancied  that  a-,  fpark  taken  with  a, 
brafs  ball  above  the  condudor  defcended  to  it,,  and  that  a  fpark 
taken  below  it  afcended  from  it  ;  but  fparks  taken  laterally 
feemed  to  have  no  one  certain  diredion. 
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IIL  An  experiment  intended  to  ascertain  whether 

ELECTRIC  SUBSTANCES,  IN  THEIR  NATURAL  STATE,  CON* 

TAIN  MORE  OF  THE  ELECTRIC  FLUID  THAN  CONDUCTORS. 

«  1  »  *  f  ,  ‘  t  *  •  ■) 

1  i  ■  •  i  .  ,  •  ' 

Thinking  to  afcertain  Dr.  Franklin’s  hypothefis,  concerning 
the  effential  difference  between  condudors  and  non-conduc¬ 
tors,  I  made  a  pretty  large  piece  of  glafs  red-hot  (in  which  date 
I  had  proved  it  to  be  a  real  condudor  of  eledricity)  and  placed 
it  upon  a  fmooth  piece  of  copper,  infulated  ;  fuppofing  that,  if 
eledric  fubftances  had  naturally  a  much  greater  (hare  of  the 
eledric  fluid  than  condudors,  this  piece  of  glafs,  in  pafling 
from  a  conduding  to  a  non-conduding  ftate,  muft  exhauft  the 
copper  of  its  natural  {hare  of  the  eledric  fluid,  and  leave  it 
eledrified  negatively.  But  I  could  perceive  no  kind  of  elec¬ 
tricity,  either  in  the  copper,  or  the  glafs,  during  the  whole  time 
of  its  cooling. 

Some  time  after,  I  found  that  Mr.  Cigna  had  endeavoured 
to  afcertain  the  fame  thing,  by  reducing  ice  into  water  j  but 
ice  and  water  are  both  condudors  of  eledricity. 


IV.  The  MUSICAL  TONE  of  various  discharges  as¬ 
certained* 

As  the  courfe  of  my  experiments  has  required  a  great  variety 
of  eledrical  explofions,  I  could  not  help  obferving  a  great  variety 
in  the  muflcal  tone  made  by  the  reports.  This  excited  my  curio- 
fity  to  attempt  to  reduce  this  variation  to  fome  meafure.  Accord¬ 
ingly,  November  the  17th,  by  the  help  of  a  couple  of  fpinets, 
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and  two  perfons  who  had  good  ears  for  mufic,  I  endeavoured  to 
afcertain  the  tone  of  fome  eledric  explofions  ;  and  obferved,. 
that  every  difcharge  made  feveral  firings,  particularly  thofe 
that  were  chords  to  one  another,  to  vibrate  :  but  one  note  was. 
always  predominant,  and  founded  after  the  reft.  As  every  ex- 
plofton  was  repeated  feveral  times,  and  three  of  us  feparately  took 
the  fame  note,  there  remained  no  doubt  but  that  the  tone  we  fixed 
upon  was,  at  leaft,  very  near  the  true  one.  The  refult  was; 

as  follows. 

A  jar  containing  half  a  fquare  foot  of  coated  glafs  founded  F 
{harp,  concert  pitch.  Another  jar  of  a  different  form,  but  equal 
furface,  founded  the  fame.. 

A  jar  of  three  fquare  feet  founded  C,  below  F  {harp.  A 
battery,  confiding  of  fixty-four  jars,  each  containing  half  a  fquare 
foot,  founded  F  below  the  C. 

The  fame  battery,  in  conjunction  with  another  of  thirty-one 
jars,  each  containing  a  fquare  foot,  founded  C  {harp.  So  that 
a  greater  quantity  of  coated  glafs,  always  gave  a  deeper  note. 

Differences  in  the  degree  of  a  charge  in  the  fame  jar  made 
Tittle  or  no  difference  in  the  tone  of  the  explofion  ;  if  any,  a  higher 
charge  gave  rather  a  deeper  note. 

From  thefe  experiments  it  will  be  eafy  for  any  perfon  to  com¬ 
pare  the  quantity  of  fquare  feet  of  coated  glafs,  with  the  lengths 
of  mufical  firings  giving  the  fame  note.  For  this  purpofe,  I 
could  eafily  have  found  more  terms  of  the  feries  ;  but  1  am 
afraid  philofophers  in  general' will  think  it  trifling  enough  to  have 
found  fo  many.  I  do  not  expeCl  that  eleClrical  explofions  will 
ever  be  introduced  into  concerts  of  mufic  ;  or  that  thefe 
experiments  will  be  of  any  ufe  to  meafure  the  extent  of  the 
clouds  from  which  a  clap  of  thunder  proceeds.  But  true  philo- 
lophers  will  not  abfolutely  defpife  any  new  faCl  or  obfervation, 
though  it  have  no  immediate,  or  apparent  ufe. 
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V.  Experiments  on  the  effects  of  giving  a  METALLIC 

TINGE  TO  THE  SURFACE  OF  GLASS. 

It  has  long  been  a  queftion  among  ele&ricians,  where  the  elec¬ 
tric  matter  that  conftitutes  the  charge  of  a  plate  of  glafs  lies 
whether  within  the  pores  of  the  glafs,  or  only  upon  the  fur- 
face;  and  fome  experiments  I  have  made  will  perhaps  be  thought 
to  throw  fome  light  on  this  difficult  fubjeCt 

I  c  o  si dek ed  that  the  common,  coating  of  a  jar  is  not  in 
actual  contact  with  the  glafs,  but  that  the  metallic  tinge,  which 
is  given  to  glafs  by  an  eleCtric  explofion.  of  the  metal  upon  its 
furface,  is  probably  in  contact  with  it,  if  not  lodged  in  its  pores.. 
I  therefore  gave  a  coating  of  this  kind  to  both  fides  of  a  plate  of 
glafs ;  and  at  firft  imagined  that  the  glafs  coated  in  this  man¬ 
ner  did  receive  a  charge,  as  well  as  if  it  had  been  coated  in  the 
common  way ;  for  it  gave  a  real  fhock;  but  I  very  well  remem¬ 
ber,  *at  that  time,  being  a  little  furprifed  to  fee  the  eleCtric  fire 
run  over  the  furface  of  that  coating,  a  thing  not  poffible  in  the 
common,  way.  However,  not  fufficiently  attending  to  that  cir- 
cumftance,  I  was  purfuing  the  experiment,  and  trying  whether, 
by  combining  this  piece  of  glafs  with  a  large  battery,  and 
making  the  difcharge  of  both  upon  this  metallic  tinge,  1  could 
not  melt  part  of  it,  and  thereby  fetch  it  out  of  the  glafs  ;  as  that 
method  would  have  melted,  and  abfolutely  difperfed  a  confider- 
able  part  of  the  coating  of  a  common  jar.  But  I  was  prodigioufly 
furprifed  to  find,  that,  though  the  connection  of  this  metallic 
tinge  with  the  battery  was  complete,  the  difcharge  could  not  be 
made  by  bringing  the  difcharging  rod  upon  it ;  though  within 
three  quarters  of  an  inch  of  another  brafs  rod,  that  formed  the 
communication  between  this  plate  of  glafs  and  the  battery.  This* 
convinced  me  that  the  metallic  tinge  did  not  anfwer  the  purpofe 
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of  a  coating  ;  and  I  prefently  fatisfied  myfeif,  that  a  piece  of 
uncoated  glafs  would  receive  juft  fuch  a  charge  as  the  tinged 
glafs  had  done. 

To  afcertain  this  matter  ftill  farther,  I  ftruck  a  tinge  of  this 
kind  along  two  oppofite  fides  of  a  glafs  tube,  about  half  a  yard 
in  length  ;  and  holding  it  with  my  hand  in  contact  with  a  part  of 
this  metallic  tinge,  found  that  it  was  excited  juft  like  another 
tube  :  for  when  I  difcharged  the  eledricity  of  any  part  of  the 
tube  where  the  tinge  was  ftruck,  it  did  not  at  all  difcharge  other 
parts  of  the  tube,  whither  the  fame  tinge  extended.  Alfo  the 
elcdric  flapping  from  the  tinged  part  of  the  glafs  could  not  be 
diftinguifhed  from  the  flapping  at  other  places;  except  that,  fome- 
times,  where  the  gold  lay  thicker  than  ordinary,  a  denfer  ftream 
of  eledric  matter  was  vifble  on  its  furface,  and  ran  in  feveral  fmall 
ftreaks,  in  different  diredions,  from  the  place  wrhere  the  fpark 
was  taken. 

This  experiment  feems  to  fhow,  that  a  coating  of  metal 
exceedingly  near  the  furface  of  the  glafs  is  not  at  all  affeded  either 
by  the  excitation  or  charging  of  it ;  and  feems  to  confirm  the 
hypothefs  of  the  eledric  fluid  not  entering  the  pores  of  the 
glafs. 

As  the  giving  this  metallic  tinge  to  both  fides  of  a  plate  of 
glafs  is  not  very  eafy,  the  reader  will  not,  perhaps,  be  difpleafed 
to  be  informed  in  what  manner  I  fucceeded  in  it.  After  fatiguing 
myfeif  a  long  time  in  endeavouring  to  ftrike  a  piece  of  leaf  brafs 
into  the  two  Tides  of  a  plate  of  glafs,  to  ferve  inftead  of  a  coating 
(having  always  broken  the  glafs  in  fixing  either  the  firft  or 
fecond  coating)  I  at  length  put  two  other  pieces  of  glafs,  one 
on  each  fide  of  that  to  which  I  intended  to  give  the  tinge, 
with  pieces  of  leaf  brafs  between  them  both  ;  and  making  one 
explofion  through  both  of  them  at  the  fame  time,  the  upper  and 
the  lower  piece  of  glafs  were  Ihattered  to  pieces,  but  the  middle 
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piece  (being  equally  affeded  on  both  Tides)  remained  whole,  and 
the  coatings  were  nearly  as  I  wiflied  them. 


VI.  An  EXPERIMENT  INTENDED  TO  ASCERTAIN  WHETHER 

FERMENTATION  contributes  to  the  production  of 

ELECTRICITY.. 

September  the  3d1.  In  order  to  determine  whether  any  of 
the  eledric  fluid  was  difcharged  from,  or  acquired  by  bodies 
in  a  ftate  of fermentation  y  I  hung  a  pair  of  pith  balls  at  the  ex¬ 
tremity  of  a  piece  of  wire  communicating  with  a  quantity  of  fteel 
filings,  fermenting  with  oil  of  vitriol,  inclofed  in  a  glafs  veflel. 
But  they  never  feparated  in  the  leaft. 


VII..  An  experiment  intended  to  ascertain  whether 

EVAPORATION  contributes  to  the  production  of 

ELECTRICITY. 

December  the  26th.  I  put  a  fmall  quantity  of  water  upon  a 
thin  piece  of  glafs,  and  made  it  all  fuddenly  evaporate  by  as 
red-hot  iron  held  under  it ;  but  the  glafs  had  acquired  no  degree 
of  eledricity.  The  weather  was  frofty.. 


VIII.  An  experiment  intended  to  ascertain  whether 
EREEZING  BE  accelerated  or  retarded  by  elec¬ 
trification. 

January  the  6th,  1767.  I  expofed  two  difhes  of  water  in 
the  open  air,  while  it.  was  freezing  intenfely,  and  eledrihed  one- 
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of  them  pretty  flrongly  \  but  could  perceive  no  difference  in  the 
time,  either  when  it  began  to  freeze,  which  was  in  about  three 
minutes,  or  in  the  thicknefs  of  the  ice  when  both  had  been  frozen 
fome  time. 

Happening  to  caft  my  eyes  into  the  fields,  out  of  the  window, 
through  which  I  had  put  the  board  which  I  ufed  for  the  pur- 
pofe  of  this  experiment,  I  obferved,  on  each  fide  of  the  elearified 
wire,  the  fame  dancing  vapour,  which  is  feen  near  the  furface 
of  the  earth  in  a  hot  fummer’s  day,  or  near  any  heated  body 
that  occafions  an  exhalation  of  vapours. 


IX.  The  examination  of  a  glass  tube,  which  had  been 

a  LONG  TIME  CHARGED  AND  HERMETICALLY  SEALED. 

De  cember  the  30th.  I  examined  a  glafs  tube,  about  three 
feet  in  length,  one  half  of  which  I  had  charged  in  the  month  of 
March  preceding,  and  then  fealed  hermetically ;  but  could  not 
perceive  that  it  was  excited  in  the  leaf!  degree,  either  by  heat¬ 
ing  or  cooling.  The  difference  in  the  refult  of  this  experiment 
from  feveral  of  Mr.  Canton’s,  related  p.  276,  I  attribute  to  the 
thicknefs  of  the  glafs  of  my  tube.  Mr.  Canton  charged  fmall  balls 
exceedingly  thin.  I  alfo  obferved  that  there  was  no  perceivable 
difference  in  the  excitation  of  the  charged  or  uncharged  part  of 
this  tube,  and  that  both  parts  adted  exceeding  well. 

I  afterwards  opened  this  tube,  and  pouring  a  quantity 
of  leaden  fhot  into  it,  found  it  to  contain  a  very  good  charge. 
It  gave  me  one  confiderable  fhock,  and  feveral  fmall  ones ;  as 
1  made  no  ufe  of  an  outward  coating,  but  only  difcharged  it  by 
grafping  it  in  feveral  places  by  my  hand. 
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X.  The  WEIGHT  requisite  to  bring  some  bodies  in¬ 
to  CONTACT  ASCERTAINED  BY  THE  ELECTRICAL  EX¬ 
PLOSION. 


It  is  plain  from  optical  experiments,  and  alfo  from  a  variety 
of  other  confiderations,  that  bodies  of  no  great  weight  lying 
upon  one  another,  are  not  in  adtual  contadt.  As  the  fame  thing 
is  demonftrated  by  an  eledtric  fpark  being  vifible  between  pieces 
of  metal  lying  upon  one  another,  and  other  effedts  of  electricity 
(particularly  the  fulion  of  the  parts  through  which  it  goes  out  of 
one  body  and  enters  another,  not  adtually  in  contadt  with  it)  I 
was  delirous  to  determine,  by  this  criterion,  what  weight  was 
fufficient  to  bring  bodies  into  adtual  contadl.  With  thefe  viewTs, 
I  began  with  laying  twenty  frnooth  fhillings  upon  one  another, 
and  making  the  difcharge  of  the  battery  through  them ;  think¬ 
ing  that  the  fulion  would  difappear,  when  the  weight  was  fuffi¬ 
cient  to  prefs  them  into  contadt.  But  I  found  that  the  whole 
column  was  not  fufficient ;  for  every  piece  was  melted  on  both 
its  fides,  fo  that  every  two  contiguous  fides  had  fpots  exadtly 
correfponding  to  one  another.  The  deepefl:  impreffions  were 
made  near  the  top  of  the  column,  but  they  did  not  diminifh 
with  exadt  regularity.  Perhaps  fmall  particles  of  dull  might 
prevent  fome  of  them  from  coming  fufficiently  near  one  an¬ 
other. 

Afterwards,  I  gradually  increafed  my  -weights,  till  I  found 
that  about  fix  pounds  was  fufficient  for  my  purpofe.  The 
fufion  was  vifible  under  that  weight,  but  never  under  above  half 
a  pound  more,  though  I  repeated  the  experiment  feveral  times. 

I  had  fome  fufpicion,  that  the  largenefs  of  the  explofion  might 
have  *  occafioned  a  momentary  repulfion,  feparation,  and  confe- 
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quent  fufion  of  thefe  pieces  of  metal,  though  prefled  by  fuch  a 
weight,  but  I  found  I  was  not  able  to  produce  any  fufion ;  under 
a  greater  weight  than  that  above  mentioned,  though,  inftead  of 
thirty-two  fquare  feet  of  coated  glafs,  I  ufed  above  fixty. 


XI.  The  effect  of  the  electrical  explosion  transmit¬ 
ted  THROUGH  VARIOUS  LIQUORS. 

I  believe  it  is  generally  fuppofed,  that  ale,  and  other  li¬ 
quors  are  turned  four  by  lightning,  and  I  was  deflrous  of 
afcertaining  whether  that  fad  (if  it  be  one)  was  owing  to  the  li¬ 
quors  being  properly  ftruck  with  the  lightning,  01  to  the  ftate  of 
the  air,  &c.  during  the  thunder  ftorm.  In  order  to  this,  I 
provided  myfelf  with  a  glafs  tube,  nine  inches  long,  and  about  a 
quarter  of  an  inch  in  diameter,  and  by  inferting  a  wire  into  one 
end  of  it,  which  was  flopped  with  fealing-wax,  could  eafily 
trail fm it  an  eledrical  fhock  through  any  fubftances  contain¬ 
ed  in  it. 

By  this  means,  November  the  13th,  I  began  with  difcharg- 
ing  the  exploflon  of  the  battery  through  this  tube,  filled  with. 
frefh  fmall  beer ,  and  obferved  a  confiderable  quantity  of  fixed  air, 
or  fomething  in  the  form  of  bubbles,  to  afcend  in  it ;  but  when. 
I  tailed  it,  I  could  perceive  no  difference  between  it  and  that 
out  of  which  it  was  taken.  No  doubt  the  eicape  of  fo 
much  air  would  tend  to  make  it  grow  ftale  fomething 
fooner. 

I  THEN  difcharged  feveral  large  fhocks  through  a  tube  filled 
with  red  wine ,  but,  after  two  or  three  days,  could  perceive  no 
alteration  in  its  tafte,  or  other  fenfible  qualities.  In  this  difcharge, 
the  eledric  matter  did  not  immediately  ftrike  the  wine,  but  a 
metal  rod,  which  juft  touched  its  furface ;  but  I  afterwards 
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gave  it  two  or  three  more  (hocks,  in  which  the  wine  itfelf  was 
made  to  receive  the  explofion,  but  there  Was  no  variation  in  the 
effects. 

I  passed  the  fhock  through  a  tube  filled  with  milk ,  in  both 
the  methods  above  mentioned  y  but  it  was  fweet  three  days  after. 
Alfo  a  tube  filled  with  frejh  ale  received  feveral  large  (hocks 
without  undergoing  any  fenfible  change  of  properties. 

In  all  thefe  explofions  I  held  the  tube  in  my  hand,  without 
feeling  any  thing  of  the  fhock. 

I  also  made  the  eleCtric  fpark  vifible  a  great  number  of  times  in 
a  fmall  quantity  of  fyrup  of  violets^  without  producing  any  change 
of  colour,  or  other  fenfible  qualities. 


XII.  Observations  on  the  colours  of  electric  light. 

Finding  it  advanced  in  the  writings  of  feveral  electricians 
(who  muft  have  copied  it  from  one  another,  without  ever  re¬ 
peating  the  experiment,  though  it  may  be  done  fo  foon)  that 
eledtric  light  contained  no  prifmatic  colours  ;  I  had  the  curiofity 
to  try  fo  extraordinary  a  faCt,  and  immediately  faw  both  the 
fallacy  of  the  experiment  when  it  was  firft  made,  and  the  caufe 
of  it.  Holding  a  prifm  before  my  eyes,  while  the  eleCtric 
fparks  were  taken  at  the  prime  conductor,  I  obferved  as  beautiful 
prifmatic  colours  as  any  that  are  exhibited  by  the  image  of  the 
fun  ;  but  when  the  light  was  a  little  diffufed,  as  in  thofe  red 
or  purple  parts  of  a  long  fpark,  as  it  is  called,  the  colours  were 
not  fo  vivid,  and  lefs  eafily  diftinguifhed  from  one  another ; 
and  when  the  light  was  ftill  more  diffufed,  through  a  vacuum, 
the  prifm  made  no  fenfible  alteration  in  the  appearance  of  it.  * 
Thqs  the  middle  part  of  any  large  objeCt  appears  of  its  natural 
colour  through  a  prifm  :  for  though  the  rays  be  really  feparated, 

4  S  2  they 


MISCELLANEOUS 


Part  VIIL 


684 

they  are  immediately  confounded  with  others  from  different  parts 
of  the  fame  objeCt ;  fo  that  its  natural  colour  mull  neceffarily  be 
the  refult. 

As  the  flames  of  different  bodies  yield  very  different  proportions 
of  the  prifmatic  colours,  I  have  often  thought  of  attempting  toaf- 
certain  the  proportion  of  thefe  colours  in  eleCtric  light,  and  com¬ 
pare  it  with  the  proportion  of  colours  from  light  procured  in  vari¬ 
ous  other  ways  ;  but  I  have  not  had  leifure  to  purfue  the  inquiry. 

The  electric  fpark,  taken  in  the  middle  of  a  phial  filled  with 
inflammable  air,  is  always  of  a  red  or  purple  colour,  and  cannot 
be  made  to  look  white ;  but  the  larger  the  explofion  is,  the  nearer 
it  approaches  to  white. 

I  shall  clofe  this  article  with  juft  mentioning  another  de¬ 
ception,  which  fome  perfons  may  poflibly  lie  under,  with  refpeCt 
to  what  is  called  the  length  of  the  eleBric  fpark .  When  a  jar  is 
difcharged,  it  may  be  imagined,  that  a  body  of  fire  is  feen  extend¬ 
ing  from  the  infide  to  the  outfide ;  whereas  it  is  pretty  certain, 
that  that  appearance  is  occafioned  by  the  very  rapid  motion  of  a 
Jingle  ball  of  fire;  in  the  fame  manner  as  a  lighted  torch,  with 
no  greater  motion  than  a  man’s  arm  can  give  to  it,  will  feem  to 
make  an  entire  circle  of  fire.  That  the  fire  of  an  electrical 
explofion  conflfts  of  a  ball,  or  cylinder,  of  no  great  length, 
feems  pretty  evident  from  one  of  the  experiments  with  the  cir¬ 
cles,  in  which  the  diameter  of  the  circle  was  the  fame,  whether 
the  explofion  was  taken  at  the  diftance  of  half  an  inch,  or  of  two 
inches ;  and  alfo  from  the  experiments  of  its  paflage  over  fur- 
faces,  in  which  it  was  fometimes  made  twenty  times  longer  thaa 
ufual,  without  any  fenflble  diminution  of  its  thicknefs.. 
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XIII.  Observations  on  the  small  wires  that  collect 

ELECTRICITY  FROM  THE  EXCITED  GLOBE. 


Having  made  ufe  of  feveral  brafs  wires,  about  two  inches 
and  a  half  long,  to  colledt  the  electric  matter  from  my  globe ; 
I  obferved,  after  a  month  or  two,  that  about  half  an  inch  of  the 
ends  of  them,  which  touched  the  globe,  had  contracted  a  black- 
nefs,  particularly  on  the  fide  which  lay  next  the  globe.  I  then 
took  them  off  the  ring  to  which  they  had  hung,  and  rubbing  them 
carefully,  obferved,  that  the  fame  fri&ion  which  made  the  reft  of 
the  wire  quite  bright,  made  but  little  alteration  in  this  acquired 
blacknefs. .  Recolleding,  at  the  fame  time,  S.  Beccaria’s  theory 
of  magnetifm,  inftead  of  replacing  the  wires,  I  hung  two  very 
fine  needles  in  their  place;  and  December  the  20th,  after  about 
two  months,  in  which  I  had  made  the  molt  ufe  of  he  machine, 

I  examined  them,  and  found  that  blacknefs  at  their  points,  but 
could  not  be  fure  that  they  had  acquired  any  degree  of  mag¬ 
netifm.  They  had,  indeed,  a  very  fmall  degree ;  but  I  had  not 
examined  them  fo  very  accurately  before  I  hung  them  on,  as  I 
did  afterwards.  The  experiment  deferves  to  be  repeated  with 
more  care,  but  it  requires  a  longer  and  more  conftant  ufe  of  an 
eleftrical  machine  than,  it  is  probable,  I  fhall  ever  have  an  oppor¬ 
tunity  of  employing. 


XIV.  Experiments  intended  to  ascertain  the  diffe¬ 
rence  IN  THE  CONDUCTING  POWER  OF  DIFFERENT 
METALS. 

In  a  converfation  I  once  had  with  Dr.  Franklin,  Mr.  Can¬ 
ton,  and  Dr.  Price,  I  remember  afking  whether  it  was  probable 
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that  there  was  any  difference  in  the  conducting  power  of 
different  metals  ;  and  if  there  was,  whether  it  was  poffible  to  as¬ 
certain  that  difference  ?  1  have  fince  endeavoured  to  carry  into 
execution  a  fcheme  propofed  by  Dr.  Franklin,  viz.  tranfmitting 
the  fame  explofion  of  the  battery  through  two  wires  at  the  fame 
time,  of  two  different  metals,  and  of  the  fame  thicknefs.  They 
were  hooked  one  to  the  other,  and  held  faff  in  hand  vifes, 
after  they  were  meafured  with  a  pair  of  compafles  to  exaCtly 
the  fame  length.  The  experiments  were  much  more  pleafing 
and  fatisfaCtory  than  I  expeCted,  but  the  refult  by  no  means  cor- 
refponded  to  my  ideas  a  priori. 

I  first  joined  a  piece  of  iron  wire,  and  a  piece  of  copper 
wire.  The  explolion  totally  difperfed  the  iron,  and  left  the 
copper  untouched.  The  brafs  likewife  difappeared  when  joined 
with  the  copper,  and  the  iron  when  joined  with  the  brafs. 

So  far  the  experiments  were  extremely  ealy ;  a  fingle  charge 
of  the  battery  fufficing  to  determine  the  difference  between  any 
two  ;  but  when  I  came  to  compare  the  more  perieCl  metals,  I 
found  much  more  difficulty,  and  was  obliged  to  try  four  or  five 
charges  of  the  battery  upon  every  two  :  for,  their  conducting 
powers  being  nearly  the  fame,  1  either  made  the  charge  too 
high,  and  difperfed  them  both  ;  or  too  low,  and  touched  neither 
of  them.  At  length,  I  happened  to  hit  upon  fuch  charges, 
fhat  the  copper  vanifhed,  and  left  both  the  filver  and  the 
gold  ;  and  the  gold  remained  when  the  filver  was  difperfed. 
The  hook,  however,  of  the  filver  was  melted  off  when  the 
copper  was  difperfed,  and  the  hook  of  the  gold  when  the  filver 
was  difperfed  :  for  the  heat  is  always  the  greateft  where  the 
eleCtric  fire  paffes  from  one  body  to  another.  Before  the  dii~ 
perlion  both  of  the  copper  and  the  filver,  I  had  made  explofions 
of  fuch  a  ftrength,  as  though  too  fmall  to  melt  them,  gave  them 
a  blueifh  tinge. 
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From  thefe  experiments  it  is  eafy  to  fettle  the  order  in  which 
the  metals  above  mentioned  are  to  be  ranked,  with  refped  to  the 
power  of  eledricity  to  melt  them.  It  is  as  follows.  Iron>  brafs , 
copper  ^ filver^  gold . 

Not  being  able  to  get  lead  or  tin  drawn  into  wires,  I  got  pieces 
of  thofe  metals  rolled  into  plates  equally  thin,  and  taking  fmall 
flips,  of  equal  length  and  breadth,  I  tranfmitted  the  explofion 
through  them ;  when  the  lead  gave  way  the  firft.  I  intended  to 
have  compared  thefe  plates  with  others  of  iron,  brafs,  &c.  but 
had  not  an  opportunity.  I  have  little  doubt  but  that  tin  would 
melt  before  iron ;  though  indeed  I  had  expeded  that  tin  would 
have  melted  before  lead,  and  gold  before  filver.  But  accord¬ 
ing  to  Mr.  Wilcke’s  experiments,  lead  is  a  worfe  condudor  than 
any  of  the  other  metals.  My  own  experiments  on  the  circular 
fpots,  made  me  exped  that  gold  would  have  melted  before  fiver. 

It  is  very  remarkable,  that  when  iron  wire  is  melted  by  the 
eledric  explofion,  bright  fparks  arc  generally  difperfed  about  the 
room,  in  all  diredions  ;  but  that  they  are  feldom,  or  never  feen 
when  wire  of  any  other  metal  is  ufed.  If  but  a  fmall  refiduum 
of  a  battery  be  taken  between  two  iron  rods,  when  the  explofion  is 
extremely  little,  a  great  number  of  fmall  fparks  will  fly  in 
all  diredions  from  the  iron,  to  the  diftance  of  about  an  inch,  and 
exhibit  a  beautiful  appearance.  Fewer  of  thefe  fparks  will  be 
feen  if  one  of  the  rods  be  brafs,  and,  I  think,  none  in  thefe  fmall 
difcharges,  if  they  both  be  brafs. 

Before  any  ufe  can  be  made  of  thefe  experiments,  to  deter¬ 
mine  the  relative  conduding  power  of  the  feveral  metals,  the 
order  in  which  they  melt  with  common  heat  fhculd  be  com¬ 
pared  with  the  order  in  which  they  melt  with  the  eledrical  ex¬ 
plofion  ;  and  the  French  tranflation  of  this  hiffory  places  them 
in  the  following  order;  tin,  lead,  filver,  gold,  brafs,  copper,  iron. 

It  is  remarkable  that  iron  fhould  require  more  heat  to  bring 
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it  into  a  ft  ate  of  fufion  than  any  other  metal,  and  yet  fliould  re¬ 
quire  but  a  fmall  force  of  eledricity  to  do  it.  Befotc  this  mat¬ 
ter  can  be  fettled,  it  fhould  likewife  be  found,  how  much  more 
eafily  any  of  the  metals  will  be  melted  before  another,  by  tranf- 
mitting  fhocks  through  wires  of  different  lengths  and  thickneffes, 
which  would  be  a  very  tedious  bufinefs.  I  make  no  doubt  but 
that  an  explofion  which  melts  a  copper  wire  of  any  given  dia¬ 
meter  wTould  difperfe  an  iron  wire  of  twice  the  diameter,  fo  that 
copper  would  be  a  much  greater  fecurity,  as  a  conductor  to 
guard  a  building  from  lightning  than  iron,  behdes  its  being  lefs 
liable  to  ruff ;  but  then  it  is  more  expenfive. 


XV.  Experiments  with  an  ELECTRIFIED  CUP. 

I  shall  clofe  the  account  of  my  experiments  with  a  fmall 
fet,  in  which,  as  well  as  in  the  lad,  I  have  little  to  boail  befides 
rfrg  honour  of  following  the  inftiudions  of  Di.  Fiankhn.  Ffe 
informed  me,  that  he  had  found  cork  balls  to  be  wholly  unaffect¬ 
ed  by  the  eledricity  of  a  metal  cup,  within  which  they  were  held  j 
and  he  defired  me  to  repeat  and  afeertainthe  fad,  giving  me  leave 
to  make  it  public. 

Accordingly,  December  the  21ft.  I  eledrified  a  tin  quart 
veflel,  handing  upon  a  ftool  of  baked  wood  ;  and  obferved, 
that  a  pair  of  pith  balls,  infulated  by  being  faftened  to  the  end 
of  a  flick  of  glafs,  and  hanging  intirely  within  the  cup,  fo 
that  no  part  of  the  threads  were  above  the  mouth  of  it,  remained 
juft  where  they  were  placed,  without  being  in  the  leaf!  affeded 
by  the  eledricity  ;  but  that,  if  a  finger,  or  any  conduding  fub- 
ftance  communicating  with  the  earth,  touched  them,  or  was  even 
prefented  towards  them,  near  the  mouth  of  the  cup,  they  im¬ 
mediately  feparated,  being  attraded  to  the  fides ;  as  they  alfo 
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were  in  sailing  them  up,  the  moment  that  the  threads  appeared, 
above  the  mouth  of  the  cup. 

If  the  balls  had  hung  in  the  cup  a  conflderable  time  with¬ 
out  touching  it,  and  they  were  taken  out  immediately  after  the 
eledricity  oi  the  cup  was  difcharged,  they  were  found  to  have 
acquired  no  degree  of  eledricity. 

If  they  had  touched  any  part  of  the  cup,  though  they 
fhowed  no  eledricity  while  they  were  within  it ;  yet,  upon  be¬ 
ing  taken  out,  they  appeared  to  have  acquired  fome  ;  which 
was  more  if  they  had  touched  a  part  near  the  edge  of  the 
cup,  lefs  if  they  had  touched  any  part  more  remote  from  the 
edge,  and  leaf!  of  all  ir  they  had  touched  the  bottom  only.  If 
they  had  firfl:  touched  the  fide  near  the  top,  and  then  the  bot¬ 
tom,  they  came  out  with  that  fmall  degree  of  eledricity  which 
they  would  have  acquired,  if  they  had  touched  the  bottom  only. 

In  any  caie,  if  the  balls  were  taken  out  while  the  cup  remain¬ 
ed  eledrihed,  they  neceflarily  acquired  fome  degree  of  eledricity, 
in  palling  the  mouth  of  the  cup. 

To  pur fue  this  experiment  a  little  farther,  I  took  a  fmall  coat¬ 
ed  phial,  fucn  as  is  reprefented  upon  the  ftool  [c  PI  II.]  and  ob- 
ferved,  that  when  I  held  it  by  the  wire,  within  the  eledrified  cup, 
it  acquired  no  charge,  the  eledricity  of  the  cup  affeding  both  the 
infide  and  outfide  coating  alike.  If  the  external  coating  touched 
the  bottom  of  the  cup,  the  phial  received  a  very  fmall  charge. 
If  it  was  made  to  touch  the  fide,  it  acquired  a  greater  charge  ; 
and  the  nearer  to  the  top  it  was  held,  the  higher  charge  it  re¬ 
ceived  ;  the  wire  of  the  phial,  which  communicated  with  the 
infide  coating,  being  farther  removed  from  the  influence  of  the- 
eledricity  of  the  cup. 

May  we  not  infer  from  this  experiment,  that  the  attradion 
of  eledricity  is  fubjed  to  the  fame  laws  with  that  of  gra¬ 
vitation,  and  is  therefore  according  to  the  fquares  of  the  dif- 
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tances  ;  fmce  it  is  eafiiy  demonftrated,  that  were  the  earth 
in  the  form  of  a  (hell,  a  body  in  the  infide  of  it  would  not 
be  attracted  to  one  fide  more  than  another. 

Dorn  it  not  follow  from  the  experiments  of  the  balls, 
compared  with  thofe  with  the  phial,  that  no  body  can  re¬ 
ceive  electricity  in  one  place,  unlefs  an  opportunity  be  given  for 
its  parting  with  it  in  another  :  at  lead,  that  a  quantity  muft 
be  repelled  from  any  particular  part  before  any  more  can 
enter,  fmce  a  fmall  body  can  no  more  receive  electricity  when 
all  its  fides  are  equally  expofed  to  the  aCtion  of  an  electrified  body, 
than  a  phial  can  be  charged  when  both  its  coatings  are  equally 
expofed  to  the  fame  electricity  ? 

Do  not  thefe  experiments,  likewife,  favour  the  hypothefis  of 
3.  Beccaria,  that  there  is  no  eleCtrical  attraction  without  a  com¬ 
munication  of  eleCtricity? 

Mr.  Lullin  alfo  made  feveral  of  thefe  experiments  with 
an  electrified  hollow  veffel.  He  obferved,  that  if  an  electrifi¬ 
ed  cork  ball,  fufpended  by  a  lilken  firing,  was  let  down  into 
the  veffel,  and  touched  the  bottom,  it  left  all  its  electricity 
behind  it.  He  alfo  made  the  experiment  with  a  glafs  veffel, 
coated  at  the  bottom  and  charged,  with  the  fame  event. 


It  alfo  made  no  difference  whatever  was  the  form,  or  fize 
of  the  body  let  down  into  it,  provided  it  was  one  third  lefs  than 
the  depth  of  the  veffel  ;  but  if,  when  it  touched  the  bottom,  it, 
at  the  fame  time,  reached  the  top,  or  came  near  the  top  of 
the  veffel,  it  acquired  eleCtricity  ;  and  a  conliderable  de¬ 
gree,  if  it  exceeded  the  top.  The  form  of  the  veffel  made 
no  difference  in  his  experiments,  nor  did  it  make  any 
whether  the  veffel  was  intire  or  perforated.  A  wire  net  an¬ 
swered  perfectly  well.  Thefe  experiments,  Mr.  Lullin  ima¬ 
gines,  clearly  prove  Nollet’s  doCtrine  of  the  conffant  motion 
of  eleCtric  atmofpheres  :  for  he  thinks,  that  this  free  motion 
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on  which  ele&rification  depends,  is  prevented  from  taking  place 
within  the  veffel,  by  the  contrary  tendency  of  the  oppofite 
iides  *. 

Da.  Franklin,  in  the  laft  edition  of  his  Letters,  p.  326, 
fays,  that  poflibly  the  mutual  repulfion  of  the  oppofite  fides 
of  the  eledrified  cup,  may  prevent  the  accumulation  of  the  elec¬ 
tric  atmofphere  upon  them,  and  occahon  it  to  Hand  chiefly  on  the 
outflde.  But  he  recommends  it  to  the  farther  examination  of 
the  curious. 


*  Di/Tertatio  phyfica,  p.  38, 
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*  Franklin's  new  experiments  and  obfervations  on  eledricity,  mace  at  Philadelphia  in 

America,  part.  I,  3d.  ed.  1760. 

_ _ „ _ part.  2.  2d.  ed.  1734'* 

_ _ part.  3.  1754.  Lond.  quarto. 

_ _ _ new  edition  with  additions,  1769.- 

Brevis  relatio  de  eledricitate  propria  lignorum,  authoie  P.  Wimdelino  Ammerjtn  De  Lucerne 
Helvetiorum.  Ord.  Minim  St.  Francifci  de  P.  Conventual.  1755,  Nollet’s  letters, 

vol.  2.  p  23;..  ...  ... 

7.  B.  Landriani  diflertatio  de  nova  eledricitatis  theoria.  Milan,  175  3.  Wilcke,  12; 
f.  A.  Euleri,  d.fquifitio  de  caufa  phyfica  eledricitatis,  ab  academia  fcientiarum  imperiah 
Petropolitana  praemio  coronata,  Peterfburg,  1755.  Wilcke,  12.. 

*  Dalibard’s  hilloire  abrigee  de  1’  eledricite,  and  French  verfion  of  Franklin’s  letters,  1766, 

Paris,  2  vols.  twelves. 

*  Lovet's  fubtile  medium  proved,  1756,  London,  odavo. 

*  Daniel  Gralath' s  gefchichte  der  eledricitat  in  the  memoirs  of  the  fociety  at  Dantzick, 

i?47»  1754,  and  1756,  Dantzig,  quarto.  N.  B.  Vol.  1  ft.  2d.  and  3d.  of  this 
work,  m  the  marginal  references  mean  the  volumes  of  the  work  in  which  it  is 
contained. 

*  Eledrifche  bibliothek.  in  the  Dantzick  memoirs  for  1754,  and  1756.. 

*  y channes  Carolus  Wilcke' s  difputatio  phyfica  experimental^  de  eledricitatibus  contrarns,. 

1757,  Roltock,  quarto.  N.  B.  This  admirable  treatife  confifls  of  four  parts ,  but, 
to  my  great  regret,  the  eopy  which  I  had  contained  only  the  three  firjl  of  them.  It  was 
that  which  the  author  fent  to  Dr.  Franklin,  before  the  remainder  was  printed. 

Butfchany  diflertatio  de  fulgure  et  tonitru  ex  phenomenis  electricis.  Gottingen,  1757, 

quarto.  __  . 

*  Giambattifla  Beccaria's  lettere  dell’  elettricifmo,  1758.  Bologna,  folio. 

*  y.  C.  Wilcke' s  herrn  Franklin’s  briefe  von  der  eledricitat  nebft  anmerkungen,  1758, 

Leipzig,  twelves. 

*  IVilfon  and  Headley's  obfervations  on  a  feries  of  eledrical  experiments,  2d.  edit.  1739, 
London,  quarto. 

JEpinus's  tentamen  theorite  eledricitatis  et  magnetifmi,  1759,  Peterfburg,  quarto. 
y.  F.  Hartmann's  abhandlung  von  der  verwandfehaft  und  aehnlichkeit  der  eledrifehen 
kraft  mit  der  erfcherechlichen  luft  erfeheinungen,  von  1759,  Hanover,  octavo-. 

*  Nolltds  lettres  fur  P  eledrici  e,  tome  1,  1749,  tome  2.  1760,  tome  3.  1767,  Paris,  twelves. 

*  Du  Tour's  recherches  fur  les  differens  mouvements  de  la  matiere  eledrique,  1760,  Paris, 
twelves. 

*  We/ley’s  defideratum,  or  eledricity  made  plain  and  ufeful,  1760,  London,  twelves. 

*  TEpinus  on  the  tourmalin,  1762. 

*  Holla's  Leqons  de  phyiique,  tome  6th.  1764,  Paris,  twelves. 

*  y.  F.  Plartmann's  anmerkungen  uber  die  nothigte  achtfamkeit  bey  erforfchur.g  der  gew- 
etter  eledricitat,  &c.  1764.  Elanover,  quarto. 

*  yohanms  Franc.ifcus  Cigna  de  novis  quibufdam  experimentis  eledricis,  from  the  memoirs 
of  the  academy  of  Turin  for  the  year  1765,  quarto. 

*  Lovet's  philofophical  e  flays  in  three  parts,  1766,  London,  odavo. 

*  y.  f. 
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J  F.  Hartmann’ s  eleftrifche  experimente  in  luftleeren  raume,  1766,  Hanover,  twelves. 

*  Amadeus  Lullin’ %  differtatio  phyfica  de  ele&ricitate,  1766,  Geneva,  ottavo. 

Other  books,  the  dates  of  which  i  have  not  found. 

Winkler’s  efiai  fur  la  nature,  la  caufe,  et  les  effets  de  1’ ele&ricite.  Hiftoire  d.  at 
Haze’s  poem  on  elearicity.  Hiftoire.  ’  P  33' 

Obfervations  fur  1’  elearicite  par  Mr - chirurgeon  de  la  falpetre.  Hift.  p.  98. 

Nouvelle  diflertation  fur  1’  elearicite  par  un  phyficien  de  Chartres.  Hiftoire. 

Mr.  Kruger’ s  meditations  on  elearicity.  Hall. 

Tentamen  de  vi  elearica  ejufque  phenomenis,  auaore  Nic. Bummucaro. 

Laurentii Beraud  S.  J.  theoria  elearicitatis,  Peterfburg.  Wilcke,  p.  12. 

IV at  kins  on  elearicity. 

.  As  the  reader  will  fee  by  the  aflerifms  what  books  I  have  had  an  opportunity  cfperuf- 
lng>  'ie  ^ee  in  vv^at  parts  my  hiftory  is  mod  likely  to  be  defeaive.  And  I  fhall  think 
myfelf  greatly  obliged  to  any  perfon,  who  will  favour  me  with  the  ufe  of  any  treatife 
which  contains  a  difcovery  of  importance.  But  1  do  not  apprehend  that  any  thing  very 
material  can  have  efcaped  me.  * 
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PIN  US,  his  experiments  on  melt- 
'  ed  fulphur,  &c.  219.  on  the  elec¬ 
ts  ^ _ A  trical  atmofpheres,  239,  243.  on 

the  tourmalin,  294.  on  the  permeability  of 
glial's,  392.  on  the  fpheres  of  attraclion  and 
repulfion,  ib.  his  obfervations  on  the  ana¬ 
logy  between  magnetifm  and  electricity, 
397.  his  opinion  of  the  theory  of  electri¬ 
city,  423. 

Afflux  and  efflux,  of  the  eleftric  fluid,  main¬ 
tained  by  the  abbe  Nollet,  and  Dr.  Wat- 
fon,  1 14,  120.  given  up  by  Dr.  Watfon, 
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Air,  whether  neceflary  to  eleftricity,  6.  rank¬ 
ed  among  eleftric  fubftances,  68*  electri¬ 
fied  by  Mr.  Canton,  194.  by  Beccaria, 
196.  a  current  of  it  from  eleClrified  points, 
£43.  a  plate  of  it  electrified,  240. 

. - condenfed,  experiments  on  it  by  Mr.  Du 

Fay,  51.  by  the  author,  535. 

— —  hot,  a  conductor,  225. 

. - fixed,  its  conducting  power,  549. 

. —  inflammable  its  conducting  power,  550. 

Allamand ,  makes  approaches  to  the  difcovery 
of  negative  eleCtricity,  75.  his  obfervations 
on  the  Leyden  phial,  86. 

Amalgam ,  introduced,  187. 

Amber,  obferved  to  be  eleCtrical,  1. 

Ammerfin,  W.  eleCtrifies  with  baked  wood, 
187. 

Animal  bodies,  eleCtricity  communicated  to 
them,  34,  42,  46.  receive  eledricity  by 
means  of  the  moiiture  they  contain,  67. 
giving  figns  of  eleCtricity,  128.  experi¬ 
ments  made  in  electrifying  them,  130. 
queries  concerning  the  efifeCt  of  eleCtricity 
on  them,  453. 

Animals,  killed  by  eleCtricity,  100.  experi¬ 
ments  on  them  by  the  author,  597. 

Antitnis,  their  accounts  of  eleCtrical  appear¬ 
ances,  363. 

Apparatus  for  eledriaty,  improvements  in  it, 

186. 


Atmofiphere,  the  eleCtricity  of  it  obferved,  334. 
queries  concerning  the  eleCtricity  of  it,  45S 

Atmofpheres  eledrical,  the  electricity  of  bo¬ 
dies  immergcd  in  them  obferved  by  Otto 
Guericke,  9.  by  the  academicians  del  Ci- 
mento,  9.  obfervations  on  them  by  Dr. 
Franklin,  177.  made  vifible  by  Beccaria, 
202.  the  eleCtricity  of  bodies  immerged  in 
them,  230.  do  not  extend  beyond  theelec* 
trifled  body,  243. 

Attradion  eLdrical,  thought  to  be  perpetual 
by  Mr.  Grey,  38. 

Attradion  and  repulfion,  eledrical,  obferva- 
tions  on  them  by  Mr.  Haukfbee,  ib.  the 
laws  of  it  determined  by  Mr.  Du  Fay, 
40.  fpheres  of  them  within  one  another,  392. . 

Aurora  Borealis ,  Beccaria’s  opinion  concern-- 
ing  it,  323,  346.  the  imitation  of  it,  523. 
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Bacon,  lord,  his  catalogue  of  elearical  bo¬ 
dies,  3. 

Balls,  Mr.  Canton’s,  478. 

Barometer ,  luminous ,  obfervations  on  it,  75* 

Bartholin,  his  account  of  luminous  appear¬ 
ances  on  human  bodies,  128. 

Battery,  eledrical,  made  by  Mr.  Gralath,  88. 
by  Dr.  Franklin,  161.  the  belt  conftruc- 
tion  of  one,  476. 

Beatification,  Mr.  Boze’s,  130. 

Beccaria,  father,  eleCtrifies  air,  196.  water, 
198.  metals,  201.  melts  wires,  273.  revivi¬ 
fies  the  calces  of  metals,  274.  ihews  that 
the  eleCtric  explofion  forces  into  its  way 
things  to  affiit  its  paffage,  275.  (experi¬ 
ments  of  the  author  to  afeertain  it,  380). 
his  experiments  on  dearie  light,  288. 
on  lightning,  314.  on  the  elearidty  of 
the  a'tmofphere,  338.  his  obfervations  cn 
a  falling  itar,  344.  on  water-fpouts,  343. 
on  earthquakes,  360.  his  opinion  concern¬ 
ing  metallic  conduaors,  373.  his  theory 
of  elearidty,  4:8.  mifcellaneous  experi¬ 
ments  of  his,  392, 
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Bells ,  eleCirical,  76.  308. 

Beraud's  globe  burning,  1 9 1, 

Bergman,  his  experiments  with  fi!k  ribbons, 
215.  on  ifland  cryftal,  2 28. 

Bevis,  Dr.  invents  the  coating  of  glafs,  91. 

Btancbini ,  his  experiments  on  the  medicated 
tubes,  149. 

Bohadtch,  his  treatife  on  medical  elearicity, 

376< 

Boulanger,  his  clafling  of  elearic  fubftances, 
124.  his  obfervations  on  glafs  for  eleclri- 
cal  purpofes,  131. 

Byle,  his  difeoveries,  5.  his  theory,  7. 

Boze,  revives  the  ufe  of  globes,  70.  makes 
approaches  to  the  difeovery  of  negative 
elearicity,  75.  recommends  glafs  veffels 
that  have  been  ufed  in  chymical  diftilla- 
tions,  129.  his  beatification,  150.  diftin* 
guifhes  the  ores  of  metals  by  their  con¬ 
ducting  power,  564. 

Bride’s  church,  injured  by  lightning,  396. 

Buildings ,  defended  from  lightning  by  Dr. 
Franklin,  174. 

C 

Cabezus,  his  difcoveiies,  5. 

Calcination,  of  gold  and  filver  by  eleCtricity, 
626. 

Canton,  Mr.  obferves  the  alternate  fparks 
from  the  two  Tides  of  a  charged  phial,  97. 
meafures  the  contents  of  a  charged  phial, 
131.  introduces  the  ufe  of  amalgam,  187, 
eleCtrifies  air,  194.  his  experiments  relat¬ 
ing  to  the  furfaces  of  eleCtrics,  207.  his 
controverfy  with  Mr.  Delaval  concerning 
the  tvi o  electricities,  224.  his  experiments 
on  the  elearicity  of  bodies  iinmerged  in 
elearic  atmofpheres,  230.  his  idea  of  elec¬ 
tric  atmofpheres,  244-  charges  glafs  balls, 
and  feals  them  hermetically,  276.  his  ob¬ 
fervations  on  elearic  light  in  vacuo, 
282.  cn  the  tourmalin,  298,  398.  and 
ether  gems,  300  on  lightning,  307.  on 
the  aurora  borealis,  347*  his  halls  lor  an 
elearometer,  478.  he  calcines  gold  and 
fiber,  62 6. 

Capillary  tubes,  experiments  on  them,  133. 

Cat,  electrified,  48,  127.  killed  by  eleari¬ 
city,  598.  the  {kin  ufed  for  excitation, 
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Cat ,  Mr.  he,  fufpends  pieces  of  leaf  gold  at 
different  diilances  from  the  prime  conduc¬ 
tor,  126. 


Ci.ain,  brafs,  how  affeaed  by  the  elearical 
explofion,  613. 

Chalmers,  Mr.  his  obfervation  of  a  ball  of 
fire,  343. 

Charcoal,  its  conduaing  power,  550. 

Charging,  queries  relating  to  it,  434.  and 
discharging  jars  and  batteries,  experiments 
relating  to  them,  587. 

Cigna,  Mr.  his  experiments  on  ice,  206.  on 
the  two  elearicities,  with  filk  ribbons,  239. 
his  new  method  of  charging  a  phial,  262. 
his  opinion  concerning  the  theory  of 
elearicity,  439.  his  obfervation  on  the  con¬ 
duaing  power  of  oil,  562. 

Cvnento ,  academicians  del,  their  difeoveries,  9. 

Circular Jfcts,  made  by  elearical  explofions, 
602. 

Clouds,  a  machine  for  drawing  elearicity 
from  them,  479. 

Coating  of  phials,  difeovered,  90. 

Clayton,  Mr.  his  diamond,  7. 

- his  account  of  woollen  garments 

emitting  light,  129. 

Colophonia,  the  fmoke  of  it  elearical,  202. 

Colour ,  of  bodies,  whether  it  has  any  con- 
neaion  with  elearicity,  36,  45,  60. 
changed  by  elearicity,  76.  of  elearic 
fparks,  observed  by  Dr.  Watfon,  79.  by 
Dr.  Hales,  152. 

Conductors,  diflinguilhed  from  non-conduaors 
by  Mr.  Gray,  32.  by  Mr.  Du  Fay,  44. 
firft  introduced  as  a  technical  term,  63. 

- - — -  metallic,  their  ufe  in  guarding 

buildings,  366.  illuftrated  by  the  account 
of  the  injury  done  to  a  church  at  New¬ 
bury,  367.  to  the  houfe  of  Mr.  Weft, 
362. 

Contact,  what  weight  is  requifite  to  bring 
bodies  into  it,  681. 

Co  ws,  twelve  of  them  ftruck  with  lightning, 
612. 

Cunreus,  difeovers  the  Leyden  phial,  82. 

Cup,  elearified,  experiments  with  it,  688. 

Cylinder ,  firft  ufed,  71. 

D  1 

Dal  bard,  Mr.  takes  the  poliff  from  glafs  by 
elearicity,  274.  his  obfervations  on  light¬ 
ning,  303. 

Darwin,  Dr.  his  experiments  on  vapour, 
203.  his  obfervations  on  elearic  atmo¬ 
fpheres,  246. 
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Dtlaval ,  Mr.  his  experiments  relating  to  the 
two  electricities,  222.  his  account  of  the 
injury  done  to  St.  Bride’s  church,  37 2. 

Ddor,  his  obfervations  on  lightning,  306. 

Defaguliers,  his  experiments,  64. 

Dtfideraia  in  eleCtricity,  441 

Dew,  how  affeCted  by  eleCtricity,  £2. 

Dijufion,  of  electricity  on  the  fur  face  of  glafs 
tubes,  567. 

Dog,  flruck  blind  by  the  eleCtric  fhock,  595. 

Du  Fay ,  his  difcoveries,  43.  his  theory, 
412. 

Dujl,  black ,  arifmg  from  the  explofion  paffing 
through  metallic  conductors,  615. 

Du  Tour,  obferves  that  flame  deltroys  elec¬ 
tricity,  81.  his  theory,  418. 

E 

Earthquakes,  their  connexion  with  eleChici- 
ty,  352. 

Edes,  Mr.  his  experiments  on  vapour,  203. 

EleCtricity ,  the  derivation  of  the  term,  2. 
-dirtinguifhed  from  magnetifm,  4,  6,  32. 
the  degree  of  it  in  different  bodies  ob- 
ferved  by  the  academicians  del  Cimento,  9. 
ailing  thro’ glafs,  13,  19.  communicated 
from  one  body  to  another,  28.  to  large  fur- 
faces,  32.  in  what  proportion  to  the  quan¬ 
tity  of  matter  in  bodies,  33.  given  to 
fluids,  34,  36.  to  animal  bodies,  34.  to 
all  bodies  without  exception,  44.  through 
the  air,  46.  general  ruies  concerning  it, 
66.  great  force  of  it,  obferved  by  the 
Germans,  71.  by  Dr.  Watfon,  80.  com¬ 
municated  in  right  lines  without  refrac¬ 
tion,  79.  not  generated  by  friction,  112, 
117,  not  communicated  .according  to  the 
quantity  of  matter  in  bodies,  116,  124. 
difference  between  excited  and  communi¬ 
cated,  by  Nollet,  123..  pafling  through 
the  fubflance  of  metals,  127.  the  flrength 
of  it  meafured,  129.  affeCts  magnets,  171. 
fpontaneous,  218.  medical,  374. 

Electricities,  the  two,  obferved  by-  Mr.  Du 
Fay,  48.  by  Dr.  Wation,  1x3.  by  Dr. 
Franklin,  156.  by  Mr.  Kinnerfley,  179. 
diflinguifhed  by  Mr.  Canton’s  experiments 
on  the  furfares  of  eleCtrics,  207.  experi¬ 
ments  relating  to  them  by  Mr.  Wilfon, 
211.  by' Mr.  Bergman,  215.  by  Meff. 
Wilcke  and  iEpinus,  217.  by  Mr.  Dela- 
val,  222.  by  Mr.  Symmer,  247.  by  Mr. 
Cigna,  259.  the  theory  of  them  explained, 
419. 


EleCtrics,  various  fubftances  difcovercu  to  be 
fuch  by  Gilbert,  3.  by  Cabaeus,  3'.  the 
academicians  del  Cimento,  9.  Mr.  Grey, 
27.  Du  Fay,  44.  diflributed  into  clafles 
by  Mr.  Boulanger,  124.  a  technical  term 
introduced,  66.  <* 

• -  and  conductors,  queries  relating  to 

them,  451. 

Electrification,  queries  relating  to  it,  454. 

Electrometer ,  difcovered,  132.  Mr.  Kinnerf- 
ley’s,  204.  the  kinds  of  them,  478. 

Ellicct,  Mr.  meafures  the  degree  of  eleCtri- 
citv,  132.  his  objections  to  Nollet’s  doc¬ 
trine,  146. 

Entertaining  experiments,  504.  without  the 
Leyden  phial,  507.  with  the  Leyden  phial, 
517.  with  a  combination  of  inftiuments, 

524. 

Excitation,  experiments  relating  to  it,  535. 
queries  relating  to  it,  452. 

Explofion,  electrical,  it  goes  in  the  reared 
circuit,  91.  given  to  many  perfons,  ico. 
transmitted  to  great  diflances  by  the 
French,  102.  by  the  Englifh,  104.  vari¬ 
ous  expeiiments  of  the  author  relating  to 
it,  6to.  on  the  force  of  it,  666.  its  lateral 
force,  660. 


Fire,  communicated  to  inflammable  fub- 
flances  by  electricity,  74,  77,  78. 

Flafik,  Florence,  not  able  to  contain  a  charge, 
592. 

Flame,  thought  to  be  not  fubjeCt  to  eleCtric 
attraction,  3,  10.  deftroys  eledricity,  81. 
of  a  candle,  its  conducting  power,  1558. 

Fluids,  experiments  on  them  by  Mr.  Grey, 
34.  their  evaporation  increafed  by  eleCtri- 
city,  133. 

• - eleCtric,  queries  concerning  it,  448. 

two  of  them  fuppofed  by  Mr.  Symmer, 
254.  the  theory  of  them  explained,  431. 

Franklin ,  Dr.  his  difcoveries,  153.  concern- 
ing  lightning,  163.  mifcellaneous  experi¬ 
ments,  177.  on  eleCtric  atmofpheres,  235. 
his  attempts  to  cure  palfies  by  eledricity, 
378.  flruck  down  by  the  eleCtric  fhock, 
503.  entertains  his  friends  at  Skuylkil, 
1748,  326. 

Friction,  difcoveied  to  be  neceffary  to  excita¬ 
tion,  3. 

Frock,  fufiian,  fire  fet  to  it  by  lightning,  152. 

Frogs,  not  eafily  killed  by  the  eleCtric  fhock, 
600, 
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Garments,  woollen,  exhibit  Tigris  of  eledtricity, 
1 28,  1  29. 

Gems,  found  to  be  eledtrical,  3. 

Gilbert,  his  difcoveries,  2. 

Glajs,  obferved  to  be  eledtrical,  3.  rough, 
proper  for  excitation,  188,  207.  different 
kinds  ufed  for  excitation,  189.  charged 
and  hermetically  fealed,  2 76.  whether 
permeable  to  eledtricity,  388.  queries  con¬ 
cerning  its  excitation,  453.  red  hot,  its 
conducing  power,  557.  plates,  feveral  of 
them  charged  together,  253.  the  eledtrici- 
ty  ofone  fide  increafes,  as  that  of  the  other 
diminilhes,  269. 

Globes ,  glafs,  ufed  by  Mr.  Haukfbee,  19. 
revived  by  the  Germans,  70.  lined  with 
eledtrics,  189.  compared  with  cylinders, 
469.  attempts  to  excite  very  large  ones, 
538- 

Gordon ,  Mr.  ufes  cylinders  inllead  of  globe*, 
71.  electrifies  with  a  cat,  127. 

Graham,  Mr.  gives  the  (hock  to  feveral  per- 
fons  at  the  fame  time,  97. 

Gralath,  Mr.  fires  the  fmoke  of  a  candle 
juil  blown  out,  74.  makes  the  Leyden 
phial,  84.  his  obfervations  upon  it,  87. 

Grey,  Mr.  his  difcoveries,  26.  refumed,  53. 

Grummert,  obferves  the  eledtric  light  in  va¬ 
cuo,  76. 

Guericke ,  Ottc,  his  difcoveries,  8. 

Gums,  found  to  be  eledtrical,  ‘5. 

Gymnotu s,  its  eledtric  power,  393. 

H 

r  '  ■ 

Haen,  De,  his  medical  eledtricity,  384. 

Hail,  its  connexion  with  eledtricity,  342. 

Hales,  Dr.  his  obfervation  on  the  earthquake 
in  London,  359. 

HamiLn,  Dr.  his  experiments  with  pointed 
wires,  395. 

Haufen,  ufes  a  globe,  71. 

Hart,  Dr.  his  attempts  to  cure  palfies,  376, 

377- 

Harman,  James,  his  account  of  amber,  7. 

- of  Hanover ,  his  obfervations  on  a 

remarkable  eledtric  light,  291.  his  appa¬ 
ratus  for  getting  lightning  from  the  clouds, 
48  1. 

Haukjbee,  his  difcoveries,  16.  his  machine, 

483. 

Heat,  obftrudts  eledtricity,  3,  5,  44. 


a. 


Heberden ,  Dr.  introduces  the  tourmalin  to 
the  Englifh  phiiofophers,  290.  his  iarue 
one,  638.  the  manner  in  which  it  was 
broken,  632. 

Hopkinfcn,  Mr.  obferves  the  effedts  of  pointed 
bodies,  166. 

Horf e-race,  eledtrical,  512, 

Hurricanes,  their  nature,  343. 

I 

Ice,  did  not  condudt  a  (hock,  162.  obferva¬ 
tions  on  its  conducting  power,  203;,  556. 

Ignis fa’uus,  its  nature,  362. 

lngenhou/% j,  Dr.  his  plate  machine,  487. 

Iron,  hit,  eledtricity  communicated  to  it,  32, 
118,  1 1 9. 

If  and  cry  Pa’,  excited,  226. 

Jallabert,  his  obfervations  on  the  Leyden 
phial,  89.  proves  the  eledtricity  enters  the 
iubllance  of  metals,  127.  his  obfervations 
on  poin-tdd  bodies,  165.  cures  a  palfy,  373. 

Jack,  eledtrical,  521. 

Jet,  its  eledtricity  obferved,  2. 

Jars,  obfervations  on  them,  473.  hew  burlt 
by  fpontaneous  difeharges,  588. 


K 


Kinnerfey ,  Mr.  difeovers  the  two  eledlrici- 
ties,  i79i  electrifies  vapour,  203.  his  air 
thermometer,  ib.  melts  wires,  273.  his 
obfervations  on  metals  melted  by  light¬ 
ning,  312.  on  the  eledtricity  of  the  at- 
mofphere,  336.  his  experiments  with 
pointed  wires,  ^93. 

Kite,  eledrical,  raised  by  Dr.  Franklin,  173. 
Mr.  Romas’s,  326. 

Kleifl ,  Vun ,  firit  difeovered  the  Leyden  phial, 
82. 


Klitrgtnfierna,  electrifies  at  the  rubber,  127. 

Knight ,  Dr.  his  obfervations  on  the  melting 
of  wires  by  lightning,  310. 

Knowledge,  what  branches  of  it  are  peculiarly 
ufe'ful  to  an  elcdtrician,  460. 

Kratxenfiein,  his  medical  eledtricity,  374. 

Kruger,  changes  the  colour  of  bodies  by  elec¬ 
tricity,  76. 


L 

Lane,  Mr.  his  eledtrometer,  478. 
Lateral  farce  of  explofions,  660. 

4  U  2 


Light, 
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tight ,  tharitaU  obferved  by  Mr.  Boyle,  7. 
by  Otto  Guericke,  8.  by  Dr.  Wall,  11. 
by  Mr.  Haukfbee,  18.  feen  through  opa¬ 
que  fubffances,  21.  in  the  form  of  pencils, 
56.  obfervations  upon  the  colours  of  it, 
683. 

_ I _ in  vacuo,  obferved  by  Mr. 

Grummart,  76.  by  Dr.  Watfon,  277.  by 
Mr.  Canton,  282.  by  Mr.  Wilfon,  286. 
by  Beccaria,  288.  amufing  experiments 
with  it,  313. 

Lightning  and  eleCtricity  compared,  by  Mr. 
Grey,  59.  Dr.  Franklin’s  obfervations 
concerning  it,  163.  its  fimilarity  with 
electricity  particularly  deduced  by  him, 
168.  his  machine  to  bring  it  into  his 
houfe,  173.  beft  method  of  guarding  ones- 
fe!f  from  it,  176.  by  what  kind  of  fufion 
it  melts  metals,  310.  how  produced  in 
the  clouds,  324.  in  what  manner  perfons 
are  killed  by  it,  583. 

Lmnreus,  his  obfervations  on  the  Lcretion 
of  wax  by  eleCtricity,  381. 

Lovett's  medical  eleCtricity,  381. 

Ludolf ,  Dr.  fixes  inflammable  fubfiances,  74. 
obferves  the  luminous  barometer,  7$. 

Lullin,  makes  eleCtric  fparks  vifible  in  oil, 
199.  his  obfervations  on  the  production 
of  eledricity  in  the  clouds,  324.  his  ex¬ 
periments  on  the  electrified  cup,  690. 

Lxncitriutn,  oblerved  to  be  eleCtncal,  2.  the 
fame  with  the  tourmalin,  293. 

M 

Machines,  electrical ,  obfervations  on  them, 
467. 

Magic  pi Clure,  £19* 

Magmtifm ,  difiinguifhed  from  electricity,  4, 
6,  32.  affeCted  by  electricity,  1 7  1 ,  324. 

Maxims,  practical,  493. 

Mazaes,  the  abbe,  his  obfervations  on  light¬ 
ning,  306,  on  the  eleClricity  of  the  atmof- 
pbere,  334.  of  a  perfon  fubjeCt  to  the 
epilepfy,  380. 

Metals ,  not  perfeCt  conductors,  201.  melted 
by  electricity,  204.  the  difference  of  their 
conducting  power,  685. 

Metallic  tinge,  given  to  the  furface  of  glafs 
by  eleCtricity,  677. 

Miles,  Dr.  fires  phofphorus  by  eleCtricity, 
77.  various  experiments  of  his,  118. 

Mines,  whether  they  may  be  fired  by  eleCtri¬ 
city,  668. 


X.j 

Moifture,  obfiruCts  eleCtricity,  3. 

Monnier,  his  experiments  on  the  Leyden  phial, 
99,  101.  fends  the  fhock  to  a  great  dif- 
tance,  103.  difcovers  that  eleCtricity  is 
not  communicated  in  proportion  to  the 
quantity  of  matter,  116,  124,  ufes  glafs 
fpheroids,  129.  his  obfervations  on  light¬ 
ning,  306.  on  the  eleCtricity  of  the  at- 
mofph«re,  334. 

Mortimer,  repeats  the  experiments  of  Mr. 
Grey,  62. 

Mu/thenbroeck,  his  obfervations  on  the  Ley¬ 
den  phial,  84. 

Mu/cltJ,  contracted  by  eleCtricity,  393. 

Mujical  tone,  of  electrical  difcharges,  675. 

N 

Negative  eleCtricity,  approaches  made  towards 
the  difcovery  of  it,  75. 

Newton,  his  obfervations,  13. 

Nolle t,  the  abbe,  his  experiments  on  the 
Leyden  phial,  98.  kills  two  birds  by  the 
eleCtric  fhock,  100.  various  obfervations 
of  his,  1  19  on  plants,  animal  bodies, 
Sec.  133.  detects  the  fallacy  of  the  medi¬ 
cal  tubes,  148.  his  excitation  of  different 
kinds  of  glafs,  189.  his  theory,  416.  his 
machine,  484.  his  exhibiting  the  figures 
of  letters,  &c.  by  eleCtric  fparks,  314. 

Noya,  doc  de,  his  experiments  on  the  tour¬ 
malin,  293. 

O 

Oil,  found  to  be  a  non-conduftor,  10,  560. 
the  eleCtric  fpark  vifible  in  it,  199. 

—  of  turpentine,  increafes  excitation,  131. 

Ores,  their  conducting  power,  563. 

P 

Paper,  a  quire  of  it  perforated  by  the  eleCtric 
explofion,  256. 

Peafunts,  killed  with  lightning,  612. 

Pekin  experiment,  an  account  of  it  by  Becca¬ 
ria,  252. 

Pencil  oj  eleCtric  light,  obferved,  56.  fponta- 
neous,  77.  by  Dr.  Wall,  13.  by  Nollet, 
163. 

Phial,  Leyden,  the  hifiory  of  it,  82.  experi¬ 
ments  on  it  by  Dr.  Watfon,  90.  by  Mr. 

Wilfon, 


INDEX. 


Wilfon,  95.  the  quantity  of  it  meafured 
by  Mr.  Canton,  131.  experiments  on  it 
by  Dr.  Franklin,  153.  gives  fome  degree 
of  eleCtricity  to  an  infulated  perfon  who 
difcharges  it,  270.  Mr.  Cigna’s  new  me¬ 
thod  of  charging  it,  by  a  plate  of  lead, 
270.  fome  perfons  not  affeCted  by  it, 
275. 

Pbc/phorus ,  experiments  with  it',  288.  Bo- 
lognian,  Mr.  Canton’s  experiments  with 
it,  291. 

Pivati,  his  medical  tubes,  143. 

Planetarium,  eleCtrical,  511. 

Plants,  eleCtrified,  137. 

Pliny ,  mentions  the  electricity  of  amber,  2. 

Points,  their  influence  obferved  by  Jallabert 
and  Dr.  Franklin,  164. 

Price,  Dr.  his  epitome  of  iEpinus’s  doCtrine 
of  magnetifm  and  eleCtricity,  398. 

Prims  unaudors,  metallic,  introduced,  54. 

Picpcjiticns,  a  ferics  of  them,  comprizing  all 
the  general  properties  of  eleCtricity,  399. 

PulJ'e,  quickened  by  electricity,  133.. 

Q- 

Queries  and  hints  for  extending  the  know¬ 
ledge  of  electricity,  448. 

Quickfilver,  eleCtricity  procured  by  it,  18. 
electricity  communicated  to,  it,  by  Mr. 
Gfey,  38. 

R 

Rackjlrow's,  (but  properly  Mr.  Sdrocold’s) 
experiments  of  electrified  glafs  balls,  510. 

Rain,  its  relation  to  eleCtricity,  339. 

Ram/den,  Mr.  his  plate  machine,  487. 

Read,  Mr.  his  machine,  486. 

Repuljion ,  electrical,  obferved  by  Otto  Gue¬ 
ricke,  8.  by  Mr.  Wheeler,  53. 

Revolution  of  bodies,  produced  by  eleCtri¬ 
city,  60. 

Ribbons ,  ftlk,  Mr.  Bergman’s  experiments 
with  them,  215. 

Rickman,  his  experiment  on  the  Leyden 
phial,  269.  an  accpuntof  his  death,  330. 

Rings,  of  prifmatic  colours,  made  by  electri¬ 
cal  explofions,  6^4. 

, _  Fairy ,  whether  made  by  lightning, 

613. 

Rod,  electrified,  which  gave  rife  to  prime  con¬ 
ductors,  33. 


Romas ,  Mr.  his  eleClrical  kite,  326. 

Rcjtn,  found  to  be  eleCtrical,  3. 

Rubber  introduced,  71.  electrifying  at  it, 
127.  improved  by  moiltening,  130.  prac¬ 
tical  obfervations  concerning  them,  473. 

S 

Sabbatelli,  his  globe  burfls  191. 

Saline  fubjlanccs,  the  conducting  power  of  fe- 
veral  of  them,  563. 

Sauvoges,  his  cure  of  palfies,  375. 

Sealing-wax,  its  eleCtricity  fir  ft  obferved,  3. 
experiments  with  it  by  Mr.  Haukfbee, 
23- 

Seroiold,  Mr.  his  experiment  with  glafs  balls, 

5  ‘O', 

Silk,  difcovered  to  be  a  non-conduCtor  by 
Mr.  Grey,  32. 

Simp/on,  his  obfervation  of  animals  'giving 
light  on  being  rubbed  in  the  dark,  1  28. 

Shock,  eleCtrical,  a  new  method  of  giving  it, 
with  an  exhaulled  tube,  575. 

Skuylkil,  amufing  experiments  on  the  banks 
of  it,  exhibited  by  Dr.  Franklin,  526. 

S/neaton,  Mr.  charges  plates  of  glafs,  92. 
electrifies  red-hot  iron,  118.  his  obferva¬ 
tions  on  eleCtric  light  in  vacuo,  280. 

Smoke,  it*  conducting  property,  9,  81. 

Smcothnefs,  favourable  to  excitation,  6. 

Snow,  its  connection  with  lightning,  342. 

Soot,  its  conducting  power,  554. 

Sound,  occafioned  by  eleCtricity,  obferved  by 
Mr.  Haukfbee,  23,  of  a  glafs  jar,  when 
ftruck  with  an  eleCtrical  explofion,  583. 

Spark,  eleCtrical,  taken  from  a  living  body, 
46.  taken  through  feveral  pieces  of  metal, 
673.  a  deception  relating  to  the  direction 
of  it,  674. 

Speedier,  his  method  of  ufing  rough  glafs, 
188. 

Spider,  eleftrical,  509. 

Star,  eltflrical,  74. 

- ■  a  falling  one,  its  nature,  344, 

Stockings,  Jtlk ,  eleCtrified,  247. 

Stone ,  Portland,  eleCtrified,  223. 

Stony  fubftances ,  various,  their  conducting 
power,  564. 

Stroema,  Mr.  electrifies  at  the  rubber,  352* 

Stukely,  Dr.,  his  obfervations  on  earthquakes, 

35l* 

Sulphur,  found  to  be  eleCtrical,  3.  Otto 
Guericke’s  experiments  with  a  globe  of  it, 

7* 


I 


N 


D 


E 


X. 


7.  Mr.  Uauklbee’s,  23.  Nollet’s,  123.  Le 
Roi’f,  188.  Nollet’s  method  of  making 
them,  1  91. 

Surface ,  of  water  and  other  conduding  fub- 
ftances,  the  explofion  of  a  battery  palling 
over  them,  without  entering  them,  62 7. 

Sjmmer,  Mr.  his  experiments  on  the  two  elec- 

•  licities,  247. 

T 

Thales,  not  unacquainted  with  eledricity,  1. 

Theophrafus ,  makes  mention  of  eledricity,  1. 

Theories  cf  ele£lri city,  407. 

Tourmalin,  its  eledricity  obferved,  292.  ex¬ 
periments  on  it  by  the  author,  638. 

Trembley,  obferves  the  pulfe  to  increafe  cn 
eltdiification,  133. 

Tubes ,  glafs,  obfervations  on  the  management 
of  them,  468. 

— — medicated,  their  hiflory,  143. 

V 

Vacuo,  eledrical  experiments  in  it,  by  Mr. 
Boyle,  6.  by  the  academicians  del  Cirnen- 
to,  10.  by  Mr  Hauklbee,  18,  20.  by  Mr. 
Grey,  40.  by  Mr.  Du  Fay,  52.  by  Nol- 
let,  123.  entertaining  experiments  in  it, 
524. 

Vanes,  turned,  on  being  prefented  to  elec¬ 
trified  pointed  bodies,  1 17. 

Vapour,  conjectures  concerning  the  rife  of  it, 
68.  eledrified  by  Mr.  Eeles,  &c.  203. 

Vaulonia,  his  obfervations  on  the  electricity 
of  a  phial,  252. 

Vegetables,  condud  better  than  water,  200. 

Villetie,  his  experiments  on  pointed  wires, 
concealed  in  a  glafs  tube,  369.  on  the  con- 
duding  power  of  it,  562. 

Volcanos,  their  connedion  with  eledricity, 
361. 

W 


of  it  attraded,  68.  fliewn  to  be  an  imper- 
fed  condudor  by  Beccaria,  198. 

Water- [pouts,  their  nature,  343. 

Watfon,  Dr.  fires  inflammable  fubllances  by 
eledricity,  &e.  78.  his  experiments  on  the 
Leyden  phial,  89.  fends  the  eledric  fhock 
to  great  diftances,  104.  various  difeoveries 
ofhis,  112.  improves  his  rubber  by  moif- 
ture,  130.  his  experiments  onthe  medi¬ 
cated  tubes,  149.  on  eledric  light  in  va¬ 
cuo,  277.  his  diredions  concerning  metallic 
condudors,  366,  368.  his  account  of  the 
injury  cone  to  St.  Bride’s  church  by  light¬ 
ning,  369.  his  cure  cf  a  tetanus,  377. 
his  large  machine,  484. 

Weight  of  bodies,  whether  affeded  by  eledri- 
city,  75. 

Wejley ,  Mr.  his  medical  eledricity,  383. 

Wheel,  eledrical,  by  Mr.  Winckler,  76.  by 
Dr.  Franklin  520.  felf-moving,  521. 

Wheeler,  affifts  Mr.  Grey  in  his  experiments, 
30.  his  experiments  on  the  repulfive  power 
of  eledricity,  53. 

Winck.hr,  introduces  the  rubber,  71.  his  ob¬ 
fervations  on  the  Leyden  phial,  88.  his  me¬ 
dicated  tubes,  144. 

Wilcke,  his  obfervations  on  pointed  bodies, 
176.  on  fpontaneous  eledricity,  218.  on 
eledric  atmofpheres,  238.  on  eledric  light, 
286.  on  vvater-fpouts,  349.  flruck  fenfe- 
lefs  with  the  eledric  (hock,  503.  h;s  idea 
of  the  theory  of  eledricity,  426. 

Wilfon,  Mr.  ids  obfervations  on  the  Leyden 
phial,  95.  nrlfcellaneous  obfervations  of 
his,  1 1 7.  his  diredions  for  increafing  the 
firength  of  eledricity,  130.  his  experi¬ 
ments  relating  to  the  two  eledricities, 
21 1.  on  eledric  light  in  vacuo,  282.  on 
the  tourmalin,  293.  on  lightning,  307. 
on  the  permeability  of  glals,  308.  on  a 
current  of  air  from  eledrified  pointed  bo¬ 
dies,  548.  his  diredions  concerning  me¬ 
tallic  condudors,  372.  his  theory  cf  elec¬ 
tricity,  41 4. 

Wires,  melted  by  eledricity,  273.  594. 


Waltz,  feveral  of  his  difeoveries,  73. 

Wall,  his  obfervations  on  eledric  light,  II.  Z 

Water,  experiments  on  it  by  Gilbert,  4.  elec¬ 
tricity  communicated  to  it,  36.  a  ilream  Zeizel,  his  medical  eledricity,  382. 
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A  CATALOGUE  of  BOOKS  written  by 

JOSEPH  PRIESTLEY,  L  L.  D.  F.  R,  S. 

And  printed  for 

J.  JOHNSON,  Bookseller,  at  No.  72,  St.  Paul’s 

Church-Yard,  London. 

1.  A  Familiar  Introduction  to  the  Study  of  Electricity,  2d  Edit.  8vo. 

JTa-  2s  6s. 

2.  The  History  and  Present  State  of  Discoveries  relating  to  Vision, 
Light,  and  Colours,  2  Vols.  4m.  illuftrated  with  a  great  Number  of  Copper 
Plates,  il.  1  is.  6d,  in  Boards. 

3.  A  Familiar  Introduction  to  the  Theory  and  Practice  of  Perspec¬ 
tive,  with  Copper  Plates,  5s.  in  Boards. 

4.  Directions  for  impregnating  Water  with  Fixed  Air,  in  order  to  communicate 
to  it  the  peculiar  Spirit  and  Virtues  of  Pyrmont  Water,  and  other  Mineral  Wa¬ 
ters  of  a  fimilar  Nature,  is. 

5.  Experiments  and  Obfervations  on  different  Kinds  of  Air,  with  Copper  Plates,  2d 
Edit.  5s.  in  Boards. 

6.  A  New  Chart  of  History,  containing  a  View  of  the  principal  revolutions 
of  Empire  that  have  taken  Place  in  the  World  ;  with  a  Book  defcribing  it,  containing 
an  Epitome  of  Univerfal  Hiftory,  3d  Edit.  jos.  6d. 

7.  A  Chart  ofBioGRAPHY,  with  a  Book,  containingan  Explanation  of  it,  and  a 
Catalogue  of  all  the  Names  inferted  in  it,  4th  Edit,  very  much  improved,  10s.  6d. 

8.  An  Eflay  on  a  Courfe  of  liberal  Education  for  Civil  and  Aftive  Life  ;  with  Plans 
of  Leftur.es  on,  1.  The  Study  of  Hiftory  and  general  Policy.  2.  The  Hiftory  of 
England.  3.  The  Conftitution  and  Laws  of  England. 

9. .The  Rudiments  of  English  Grammar,  adapted  to  the  Ufe  of  Schools,  is.  6d. 

10.  The  above  Grammar,  with  Notes  and  Obfervations,  for  the  Ufeof  thofe  who 
have  made  fome  Proficiency  in  the  Language,  4th  Edit.  3s. 

11.  An  Essay  on  the  First  Principles  of  Gov  ernment,  and  on  the  Nature 
of  Political,  Civil,  and  Religious  Liberty,  2d.  Edit,  much  enlarged;  in¬ 
cluding  Remarks  on  Dr.  Browne’s  Code  of  Education,  and  Dr.  Balguy’s  Sermon  on 
Church  Authority,  5s. 

12.  Institutes  of  Natural  and  R.evealed  R.eljgion,  Vol.  I.  containing  the 
Elements  of  Natural  Religion;  to  which  is  prefixed.  An  Eflay  on  the  heft  Method  of 
communicating  religious  Knowledge  to  the  Members  of  Chriflian  Societies,  2 s.  6d. 
fewed — Vol.  II.  containing  the  Evidences  of  the  Jewifh  and  Chriftian  Pievelation,  3s. 
fewed. — Vol.  III.  containing  the  Doctrines  of  Revelation,  2s.  6d.  fewed. — Preparing 
for  the  Prefs  (March  1775)  the  fourth  and  laft  Part  of  this  Work,  containing  a  View  of 
the  Corruptions  of  Christianity. 

13.  An  Examination  of  Dr.  Reid’s  Enquiry  into  the  Human  Mind,  on  the  Princi¬ 
ples  of  Common  Senfe,  Dr.  Beattie’s  Eflay  on  the  Nature  and  Immutability  of  Truth, 
and  Dr.  Ofwald’s  Appeal  to  Common  Senfe  in  behalf  of  Religidn.  To  which  is  added 
the  Correfpondence  of  Dr.  Beattie  and  Dr.  Ofwald  with  the  Author,  2d  Ed.  5s.  unbound. 

14.  A  Free  Address  to  Protestant  Dissenters,  on  the  Subject  of  the 
Lord’s  Supper,  the  Third  Edition  with  Additions,  2s. 

15.  The  Additions  to  the  above  may  be  had  alone,  is. 

16.  An  Address  to  Protestant  Dissenters  on  the  Subject  of  giving  the 
Lord’s  Supper  to  Children,  is.  . 

17.  Con- 


BOOKS  written  by  Dr.  PRIESTLEY. 

iy.  Considerations  on  Differences  of  Opinion  among  Chridians  ;  with  a 
Letter  to  the  Rev.  Mr.  Venn,  in  Anfwer  to  his  Examination  of  the  Addrefs  to  Pro- 
tedant  Diffenters,  is.  6d. 

18.  A  Catechism  for  Children  and  Young  Persons,  2d  Edit.  3d. 

19.  A  Scripture  Catechism,  confiding  of  a  Series  of  Queftions,  with  Refer¬ 
ences  to  the  Scriptures  indead  of  Anfwers,  3d. 

20.  A-Serious  Address  to  Masters  of  Families,  with  Forms  of  Family  Prayer, 
2d  Edit.  6d. 

21.  A  View  of  the  Principles. and  Conduct  of  the  Protestant  Dissenters, 
with  refpeft  to  the  Civil  and  Ecclefiadical  Conditution  of  England,  2d  Edit.  is.  6d. 

22.  A  Free  Address  to  Protestant  Dissenters,  on  the  Subject  of  Church 
Discipline  ;  with  a  Preliminary  Difcourfe  concerning  the  Spirit  of  Chriftianity,  and' 
the  Corruption  of  it  by  falfe  Notions  of  Religion,  2s.  6d. 

23.  ASfrmon  preached  before  the  Congregation  of  Protestant  Dissenters, 
at  Mill  Hill  Chape),  in  Leeds,  May  16,  1773,  on  Occafion  .of  his  rcfigning  the  Paf- 
toral  Office  among  them,  is. 

24.  A  Free  Address  to  Protestant  Dissenters,  as  fuch.  By  a  DifTenter.  A 
new  Edition,  enlarged  and  corre£ted,  is.  6d. — An  Allowance  is  made  to  thofe  who 
buy  this  Pamphlet  to  give  away. 

25.  Letters  to  the  Author  of  Remarks  on  fevcral  late  Publications  relative  to  the  DiJ/e ti¬ 
ters,  in  a  Letter  to  Dr.  Prieflcy,  is. 

26.  An  Appeal  to  the  ferious  and  candid  ProfelTors  of  Chridianity  on  the  following 
Subjects,  viz.  1.  The  Ule  of  Reafon  in  Matters  of  Religion.  2.  The  Power  of  Man 
to  do  the  Will  of  God.  3.  Original  Sin.  4.  EleRion  and  Reprobation.  5.  The  Di¬ 
vinity  of  Chrid.  And,  6.  Atonement  for  Sin  by  the  Death  of  Chrid,  4th  Edit.  id. 

27.  A  Familiar  Illustration  of  certain  Paflages  of  Scripture  relating  to  the 
fame  Subject,  4d.  or  3s.  6d.  per  Dozen. 

28.  The  Triumph  of  Truth  ;  being  an  Account  of  the  Trial  of  Mr.  E.  Ehvall, 
for  Iierefy  and  Blafphemy,  at  Stafford  Affizes,  before  Judge  Denton.  &c.  2d  Edit.  id. 

29.  Considerations  for  the  Use  of  Young  Men,  and  the  Parents  of  Young 
Men,  2d. 

Alfo,  publ'tjhed  under  the  Direction  of  Dr.  PRIESTLEY, 

THE  THEOLOGICAL  REPOSITORY. 

Confiding  of  original  Effays,  Hints,  Queries,  &c.  calculated  to  promote  religious 
Knowledge,  in  3  Volumes,  8vo.  Price  1 8s.  in  Boards. 

Among  other  Articles,  too  many  to  be  enumerated  in  an  Advertifement,  thefe  three 
Volumes  will  be  found  to  contain  fuch  original  and  truly  valuable  Obfervations  on  the 
Dodlrine  of  the  Atonement ,  the  Pre-exifence  of  Chriji ,  and  the  Infpiration  of  the  Scrip¬ 
tures,  more  efpecially  refpeding  the  Harmony  of  the  Evangelifs,  and  the  Reafoning  of 
the  Apodle  Paul,  as  cannot  fail  to  recommend  them  to  thofe  Perfons,  who  wifh  to 
make  a  truly  free  Enquiry  into  thefe  important  Subjects. 

In  the  bird  Volume,  which  is  now  reprinted,  feveral  Articles  are  added,  particu¬ 
larly  Two  Letters  from  Dr.  Thomas  Shaw  to  Dr.  Benson,  relating  to  the  Paf- 
fage  of  the  Ifraelites  through  the  Red  Sea. 


To  the  B  I  N  D  E  R. 

Place  all  the  Cuts  at  the  End  of  the  Book. 
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